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1 Introduction 
 
 

1.1 Background 
 
The UNDP and DOE through the DREAMS project has completed the Iloilo Provincial Renewable Energy 
Plan (I-tw9tύΦ ¢Ƙƛǎ ƛǎ ŀ Ǉƛƭƻǘ ǇǊƻƧŜŎǘ ǘƻǿŀǊŘǎ ǘƘŜ άƭƻŎŀƭƛȊŀǘƛƻƴέ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ 
as contained in the National RE Plan 2020-2040. The I-PREP project aims to strengthen the capacity of 
local government units in Iloilo in contributing to the achievement of national renewable energy targets. 
I-PREP itself is a long-term plan that will serve as a tool in fulfilling this role. 
 
Integrated in the I-PREP is the Capacity Building Plan that seeks to address gaps in the capacity of the Iloilo 
Provincial Government (IPG) and Iloilo LGUs in renewable energy policy, planning, regulation, permitting, 
and project development. In this regard, the capacity building plan recommends short-term and 
continuing training programs based on Training Needs Assessment that was conducted as part of the I-
PREP. 
 
One of the short-term trainings identified during the consultations with the LGUs and Electric 
/ƻƻǇŜǊŀǘƛǾŜǎ ƛǎ ŀ ά¢ǊŀƛƴƛƴƎ ƻƴ bŜǘ aŜǘŜǊƛƴƎ ŀƴŘ 9ƭŜŎǘǊƛŎŀƭ {ŀŦŜǘȅ LƴǎǇŜŎǘƛƻƴ ƻŦ wƻƻŦǘƻǇ {ƻƭŀǊ PV {ȅǎǘŜƳǎέΦ 
Part of the outputs of the training is the development of this training manual to help training personnel 
in conducting the solar training for their respective areas in the promotion of solar technology for clean 
energy generation and in establishing safety standards for the design, installation, operation, and 
maintenance of the PV system.   
 
The development of the content of this manual was coordinated with the International Copper 
Association (ICA) and the Cornerstone of Rural Electrification (CORE). The Association of City and 
Municipal Electrical Engineers and Electricians (ACMEEE) were also be consulted in the training design and 
the preparation of the manual. ICA and CORE provided advisory and expert services in the design and 
implementation of the training program using this manual. 
 

1.2 Objectives of the Rooftop Solar PV Training Manual 
 
The Solar PV Training Manual will be used be technical trainings personnel to manage the design and 
implementation of the training program. There are two general training objectives using this manual. 
 
The first objective is to increase the knowledge of Technical Staff of LGUs Engineering Office and Office of 
Building Official (OBO) on the regulatory requirements of net metering and installing rooftop solar PV 
systems in general and build their capacity in electrical safety inspection based on the requirements of 
the Philippine Electrical Code, National Building Code, and Philippine Green Building Code. 
 
The next objective it to teach the technical aspects on the basics of rooftop solar PV design and installation 
and in-depth knowledge and skills in rooftop solar PV project planning, operation, and maintenance in 
view of ongoing and planned rooftop solar PV projects that will be owned and operated by the LGUs. 
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1.3 Using this Training Manual  
 
This training manual can be used in developing training programs for Solar PV rooftop implementation. 
The manual uses PowerPoint slides with narratives that can be used by the trainer to explain the slides. 
Other references can be used by the trainer for further explain the topics. Hands-on checklists are also 
provided with instructions on how this will be filled by the trainees with the practical activities to be 
conducted.   
 
The participants targeted for this training are technical personnel from the offices of the municipal or city 
planning and development, engineering, and building officials. These are the personnel that are involved 
in the planning, design, procurement, installation, inspection, permitting, commissioning, operation, and 
maintenance of the solar PV installations of the LGUs. However, this manual was designed to be used for 
all technical personnel that have roles in the implementation of solar PV rooftops projects in general.   
 

  



Rooftop Solar PV Project Planning, Design, Installation, and Operations and Maintenance Manual          

6 
 

2 Lecture Training Materials 
 
These training materials are composed of Power Point slides and presentation notes that the trainer can 
use in its lecture. Additional materials can be used to supplement the information provided in the slides. 
There are five sets of slides that can be used per lecture session with two sets of slides that will be used 
for the actual inspection of the solar installation. The lecture slides are recommended to the used in the 
sequence provided for the progression of the knowledge shared to the trainees. 
 

2.1 Session 1 ς Training Introduction 
 
This is the training course introduction that shows the contents of the training. 
 

 
The outline provides the coverage of the training with Training Course Introduction, Objectives, Target 
Trainees, Training Topics Covered, Training Methodology and Schedule, Training expectations and base-
line survey. 
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The background of the training course is presented as a result the UNDP DREAMS project with the Iloilo 
Provincial Renewable Energy Plan (I-tw9tύ ŀǎ ŀ Ǉƛƭƻǘ ǇǊƻƧŜŎǘ ǘƻǿŀǊŘǎ ǘƘŜ άƭƻŎŀƭƛȊŀǘƛƻƴέ ƻŦ ǊŜƴŜǿŀōƭŜ 
energy policies and programs as contained in the National RE Plan 2020-2040. 
 

 
The training objective is to build capacity for the LGU staff on the regulatory requirements for Net 
Metering and solar rooftop technology.   
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The target trainees were the technical staff of the LGUs in Iloilo province. Specific target groups can also 
be trained using these training materials. 
 

 
The training covers the policy framework for the Net Metering scheme as well as the technical aspects of 
solar rooftop technology planning, design, implementation, and actual hands-on inspection. 
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The training was designed with online lectures with limited face-to-face hands-on activities. The online 
lectures were limited to three hours with a break in the middle to avoid stress on the part of the online 
participants. Lectures can be extended when conducted on a face-to-face setting. Online materials were 
also made available for the participant to download as references. 
 

 
An online survey is conducted to have a baseline information on the level of knowledge and interest of 
the participants. It also seeks the topics and skills that the participants wanted to gain during the training. 
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2.2 Session 2 - Net Metering Legal Framework 
 
This session focuses on the policy and legal framework as the basis for Net Metering 
 

 
The outline for this session 
 

 
This slide provides the definition of Net Metering as defined in the Renewable Energy Law of 2008. 
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This animated slide illustrates the basic principle of how electricity is delivered to the house by the electric 
utility, energy efficiency measures using efficient lighting, and the use of solar energy under the Net 
Metering program. 
  
 

 
A deeper introduction to the Philippine energy industry is explained under the EPIRA. 
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Net Metering is explained as part of the RE Act of 2008 
 

 
An animated video of the renewable energy sources and their applications is presented. BIGSHOW is used 
to remember the major renewable energy sources namely Biomass and biogas, Geothermal, Solar, Hydro, 
Ocean, and Wind energy 
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The ERC Resolution No.9 Series of 2013 provided the initial guideline in the implementation of Net 
Metering. The capacity of PV systems under Net Metering is 100kW. 
 

 
Amendment to the Net Metering rules were provided by ERC Resolution No.6 Series of 2019. 
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The Net Metering rules were further amended by ERC Resolution No.5 Series of 2020. 
 

 
The Department of Energy issued the Department Circular No. 2020-10-0022 Policies on Net- 
Metering Program emphasizing that Net Metering Qualified End users should be net consumers and has 
further expanded Net Metering to off-grid areas. 
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A Joint Memorandum Circular No. 2020-01 LGU Energy Code between DOE and DILG was issued 
supporting Net Metering. 
 

 
RA 11032 Ease of Doing Business promotes the facilitation of Net Metering applications through the 
issuance of permits by the LGU. 
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The RA 11234 streamlines the process for the application and approval of energy projects. 
 

 
The status of the Net Metering program already reached 33.21MWp of capacity from 4,118 qualified 
energy users as of May 2021. 
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The Net Metering program is participated by 26 distribution utilities in Luzon, 17 in the Visayas, and 7 in 
Mindanao with 38% of the Net Metering capacity installed under MERALCO. 
 

 
The roles of Net Metering stakeholder are presented. 
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This is the Net Metering application process 
 

 
These are the list of requirements for Net Metering application under MERALCO 
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A comparative list of requirements for Net Metering application under ILECO II is presented 
 

 
A comparative list of requirements for Net Metering application between Makati and Quezon City 
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These are the fees from the LGU for the application of the Certificate of Final Electrical Inspection. 
 

 
Net Metering application is evaluated by the Electric Cooperative and the LGU for the electrical permit 
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This is the Net Metering inspection process and checklist 
 

 
Upon completion of the Net Metering application, a Net Metering agreement between the DU and the 
QE is signed and submitted to ERC. 
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Once the Net Metering installation is completely inspected, the system is ready for energization 
 

 
The participants are to fill-in the form as a guide in the Net Metering application stating the requirements, 
the timelines, and the corresponding fees for the application process. 
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2.3 Session 3 - Solar PV Technology Basics 
 
Basic Electricity  
 
To prepare the trainees regarding solar energy, an introduction to the basics of electricity is needed for 
those that have limited technical background. The figure below can help illustrate the terms used in 
electricity.   
 

 
An electric circuit can be composed of a voltage source and conductors to supply power to a load. The 
conductors have resistance, and a voltage drop can develop across the conductor according to the 
resistance and the current flowing on the circuit.  
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Direct Current (DC) electricity is commonly produced by batteries with a steady positive (+) and negative 
(-) polarities of its output terminals. Alternating Current (AC), on the other hand; is produced by a dynamo 
with a spinning rotator that changes its voltage polarity as the rotor spins. The output voltage follows a 
sinusoidal wave that goes from zero to positive, zero to negative, then back to zero again.  
 
Thomas Edison promoted the use of DC electricity while Nicolai Tesla used AC electricity in the 
transmission and distribution of electricity. Tesla used transformers step-up the AC voltage for 
transmission and step-down the voltage for distribution and consumption.  
 
As the AC electricity flows in the circuit, inductive load current lags the voltage while capacitive load leads 
the voltage creating Reactive Power along the circuit in addition to the Real Power delivered to the load. 
The net effect of these two powers which are 90 degrees apart in a sinusoidal wave result to the Apparent 
Power measure in Volt-Amperes with a net angle relative to the voltage. The power factor (PF) is the ratio 
of the Real Power over the Apparent Power.  
 
In a purely resistive circuit, the power factor is one or unity where Real Power is equal to Apparent Power 
with no Reactive Power. A lagging power factor is experienced when the circuit have inductive 
characteristics such as conductors arranged in coils in transformers or loads with electric motors. This 
results to a relatively higher circuit current compared to a purely resistive circuit. This higher current also 
results to voltage drop along the transmission line that needs to be compensated with capacitor banks to 
offset the effects of the reactive power. Advanced solar PV inverters can also be programmed to feed 
reactive power to the circuit to bring the power factor close to unity. 
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Solar energy can be utilized using solar thermal applications with solar water heaters. The heat of the sun 
is used to raise the temperature of water for domestic and commercial applications. Photovoltaic cells 
use the light component of sunlight to produce electricity with photovoltaic cells.  
 
Solar thermal applications can concentrate sunlight using parabolic trough, mirrors, and lenses to focus 
sunlight in a small area to raise the temperature of a working fluid such molten salt to generate steam to 
drive a turbine and produce electricity. Concentrating solar PV (CPV) also increase the output of the solar 
cell with concentrated sunlight. However, concentrating the moving rays of sunlight as the sun crosses 
the sky will require trackers to follow the sun or use multiple mirrors to concentrate sunlight at any given 
time of the day. 
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Photovoltaic (PV) effect is the generation of electricity of a material when struck by light. The most 
common material used as a PV cell is silicon. A thin wafer purified silicon is doped with impurities to have 
excess electrons on one side and less electrons on the other side. An electric circuit can be connected 
between the two sides of the cell. Once the cell is struck by light, the electrons flow along the circuit 
producing electricity. Since the electrons only flow in one direction across the solar cell, direct current 
(DC) is produced.   
 
 

 
The electricity produces by a single solar cell is characterized with a low voltage by high current. The 
voltage is only around 0.5V while the current can be as high as 5A depending on the surface area of the 
cell and the type of solar cell when exposed to full sunlight at noontime. 
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For the solar cell to charge a typical 12V battery, the cells are connected in series to produce a higher 
voltage than the terminals of the battery. With the solar cells connected in series, the voltages of the cells 
are added while the current is the same across the cells.  Typically, 36 silicon cells are connected in series 
to charge a 12V battery. The extra voltage is needed to compensate for the drop in output voltage of the 
solar cell when the cell temperature increases due to the heat of the sun. 
 
As the cell as connected in series as a string, the current of the whole string drops once any of the cells 
are shaded (e.g., leaves, etc.) Bypass diodes are used to allow an alternative current path from the section 
of the string that have shaded cells. Usually, the string is divided into three sections with a bypass diode 
connected in parallel to the section as an alternative current path. 
 
A blocking diode is used to prevent current from flowing to the cells from the battery at night when the 
voltage of the battery is higher than the cells. This will prevent the battery from being drained when the 
solar cells are not generating electricity. 
 

 
From a Solar cell, the cells are combined, encapsulated, and framed as Solar Module. Several solar 
modules are combined to form as Solar Panel. Often, a single solar module is incorrectly called a solar 
panel. Several solar panels when combined in large quantities are called solar arrays. 
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A typical stand-alone DC Solar PV System is composed of a solar module, a storage battery, a charge 
controller, DC loads, a DC-AC inverter to power the AC appliances. 
 
The solar module can power the DC loads during the day but will need a storage battery to store energy 
during the day to be used a night. The charge controller regulates the charging of the battery to protect it 
from being over charged by the solar modules and also prevents the battery from being deeply discharged 
by cutting off the load when the battery state of charge is low. To power regular AC appliances in the 
house, an DC-AC inverter is connected to the battery to convert the DC voltage from the battery to AC 
electricity.   
 



Rooftop Solar PV Project Planning, Design, Installation, and Operations and Maintenance Manual          

29 
 

 
Grid-ties Solar PV Systems takes advantage of the grid connection to eliminate the use of batteries in using 
PV systems. This is made possible with the advancement of inverter technology that converts varying DC 
electricity from the solar panels to AC electricity in synchronous to the grid. With the parallel operation 
of the solar the grid electricity, the consumption from the grid is reduced with the amount of energy 
generated by the solar installation. 
 
In a normal sunny day, the solar can produce more than the demand of the load. Excess electricity can be 
sold to the grid under a Net Metering arrangement with the Distribution Utility (DU). 
 
During cloudy days, solar generation may not be enough to meet the demand. Additional power is drawn 
from the grid to meet the demand and supplement the solar generation. Grid consumption is reduced 
compared to systems without solar installations. At night when there is not solar generation, all of the 
energy requirement of the load is supplied by the DU. 
 
Since there is no energy storage device in this solar installation, the system shuts-down during a power 
outage (brown-out) of the DU even during a sunny day. The grid-tied solar inverters are programmed to 
disconnect from the grid using outages for safety purposes. This is to prevent export of electricity during 
an outage to protect linemen who could be fixing the line during maintenance. This also protects the 
inverter from being overloaded with the demand that the utility cannot supply. Grid-tied inverters shall 
follow the operating requirement set by the Philippine Distribution Code, Philippine Grid Codes, and the 
Small Grid Guidelines. 
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Hybrid Solar PV Systems uses energy storage devices (batteries) to make power available during outages. 
It can also store excess generation during the day to used at night and during power outages.  
 
When an outage happens during a sunny day, the hybrid system can work as a stand-alone system to 
power the load without draining the battery during the day. Stored energy can be used for outages at 
night.  
 
The hybrid system with grid-feeding capability using its battery can perform peak shaving functions for 
commercial consumers that pay demand charge. The system can be programmed to activate stored 
battery energy when a high demand is detected.  
 
Excess energy generated during the day can be stored in the battery instead of being exported under Net 
Metering to have a higher monetary value as a form of energy arbitrage. The financial and economic 
advantage of this system should be carefully considered as the cost reduction on electricity expenses with 
the DU may be offset by the cost of the investment on the battery and its future replacements costs. 
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The three classifications of solar installation are the 1) Off-Grid/Stand-Alone system 2) Hybrid System and 
3) On-Grid System. They have specific components and characteristics. 
 

1) Off-Grid/Stand-Alone systems can be installed anywhere under the sun. This is also similar to solar 
streetlights with all components necessary for its full operation without the grid. Among the three 
types, this is the most expensive with all the capacity requirement of the load has to be met by 
the solar installation. 
 

2) Hybrid System is a practical type of solar installation that has the flexibility of using the grid 
whenever it is available and having the solar panels to reduce the consumption at night. With the 
battery, the system can provide back-up power during power outages and can store excess solar 
generation to be used at night or during power outages. 

 
3) On-Grid System is the cheapest type of solar installation with very few components. It also has 

the shortest payback based on the savings on electricity. However, this type of system needs 
alternative back-up power during brownouts and long outages after major disasters before the 
grid is restored.  
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This is the typical construction of a mono-facial solar module. It is composed of solar cells connected in 
string with electrical termination at the junction box. The cells are encapsulated with ethylene vinyl 
acetate (EVA), back sheet, low carbon tempered glass, and supported by an aluminium frame.  
 

 
There are several solar cell technologies with different conversion efficiencies. The most efficient is the 
monocrystalline, followed by the poly crystalline, then the amorphous silicon cells. There are several types 
of thin film solar technologies with varying efficiencies and costs. Newer solar cell technologies include 
Passive Emitted and Rear Contact (PERC), Half-cut cells, and bi-facial cells with glass-glass lamination. IEC 
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standards for solar modules are IEC 61215 for crystalline silicon modules and IEC 61646 for thin-film 
modules. Solar module efficiency affects the area required per kilowatt capacity of installation. 
 

 
Solar PV module efficiencies has increased over time since 1975 to post 2000. Solar cell technologies are 
categorized as crystalline silicon cells, single-junction cells, multi-junction cells, thin-film technologies, and 
emerging technologies.  
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Solar module quality is tested using the Electro Luminescence Test where the solar cell is treated as a 
light-emitting-diode (LED) and is supplied with a DC voltage to generate light. A special camera is used to 
check of defective cells that does not illuminate due to physical cracks.  
 

 
The voltage and current output characteristics of the solar module is tested using an IV (current voltage) 
curve tester with a light source flashed on the solar module under test. This test validates the actual 
capacity of the solar module a provided on its data sheet under Standard Testing Condition of 250C cell 
temperature, 1000w/m2 irradiation, and Air Mass of 1.5. 
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A sample datasheet of a 100W solar module shows its output characteristics under various irradiation 
levels. The voltage remained above 20 volts while the current is high dependent on the irradiation level. 
The general information provided includes nominal power in watts, open circuit voltage, short circuit 
current, voltage at maximum power, current at maximum power, maximum system voltage, maximum 
series fuse. 
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Solar module output is also affected by its cell temperature. Voltage reduces with the increase in cell 
temperature while there is slight increase in current. The overall temperature coefficient of power shows 
a reduction of power for the increase in cell temperature. 
 

 
The output of the solar module is affected by the amount of light it receives depending on its orientation 
and the combination of radiation sources, and cell temperature. The common practice for solar 
installation is to orient the slope of the solar module towards the equator. This is tilting the modules south 
for locations north of the equator and north for locations south of the equator at an angle equal to the 
latitude of the location. For multiple rows of module, the east-west orientation of the solar modules is 
adapted to install the most capacity for a given area.  
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The Philippine Solar Resource Map developed by the National Renewable Energy Laboratory (NREL) of the 
US DOE shows an average solar radiation data of 4.5 to 5.5 kWh/m2/day with seasonal variations.  
 

 
Another source of solar irradiation data is the Global Solar Atlas as https://globalatlas.info/map.  
 



Rooftop Solar PV Project Planning, Design, Installation, and Operations and Maintenance Manual          

38 
 

 
The Global Solar Atlas website also provides seasonal information of the solar radiation of the location. 
This is helpful in determining the basis for the design of the solar installation considering the seasonal 
variation of the solar radiation.  
 

 
Average hourly solar radiation data on a monthly basis is also provided in the Global Solar Atlas website. 
This shows more detailed characteristics of the solar considering the hourly variation of the solar radiation 
every month. This is useful for battery sizing and designing solar water pumping systems. 
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 A stand-alone DC PV system such as a solar streetlight has a solar module with mounting structure, 
battery, charge Controller with night switch, and a DC load which is usually composed of an LED lamp. 
 

 
Rechargeable Batteries store electricity in chemical form and release it back as electricity when needed. 
The most popular types of batteries used are the Lead Acid and the Lithium-Ion batteries. Their technical 
specifications include their Voltage rating, capacity in Ampere-Hour, Cycle life Based on Depth of 
Discharge (DOD). 
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These are photos of the batteries used in solar installations. 
 

 
Battery service life is determined by the number of cycles depending on the depth of discharge of the 
battery. The graph shows the number of cycles (vertical axis) that the LiPO4 (red line), deep-cycle lead-acid 
(blue line), and the AGM Lead acid (green line) batteries can take over the depth of discharge (DOD) 
(horizontal axis). At 80% DOD, the deep-cycle lead-acid battery can only take 500 cycles, the AGM Lead 
acid battery can take 250 cycles, while the LiPO4 battery can take 2,200 cycles. If cycle is equivalent to 
single day, the deep-cycle lead-acid battery only last a year and four months, the AGM Lead acid battery 
only lasts 8 months, while the LiPO4 battery can last 6 years. 
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Charge controllers regulates charging of the batteries from the solar modules to protect them from over 
charging.  Some charge controllers also include discharge controllers that protect the battery from deep 
discharge by disconnecting the load. Streetlight Charge controllers have lamp controller to turn on at night 
and turn-off in the morning or after the programmed time. 
 
Pulse Width Modulated (PWM) charge controller regulates charging by pulsing the current from the solar 
module to the battery and regulates the charging by changing the duration of the pulse. A 12V battery 
will only need a PWM controller when a 36-cell solar module is used or charging a 24V battery bank using 
60-cell or 72-cell solar modules.  
 
A Maximum Power Point Tracking (MPPT) charge controller also works similarly with the PWM controller 
but operates on a wider and higher input voltage from the solar modules.  A 12V battery can be charges 
with 60-cell or 72-cell solar modules using the MPPT charge controller. 
 



Rooftop Solar PV Project Planning, Design, Installation, and Operations and Maintenance Manual          

42 
 

 
This is a basic Solar Streetlight Component Sizing: 
 
Daily Energy requirement: 12V/10W LED Lamp x 12 running hours 

120Wh 
Solar Module Capacity in Wp 

Select 40Wp, 36 cells 
Battery Capacity in Ampere-hours (Ah) at 12V 

60Ah at 12V 
Charge Controller 

Select 10A (smallest size) 12/24V Streetlight Charge controller 
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Sample Solar Streetlight Design Problem to be solved by the participants 
 

 
Stand-Alone Solar PV System with AC load (appliances). Small PV system using PWM charge controller and 
a single battery with DC-AC inverter. 
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Stand-Alone Solar PV System with more AC load (appliances). Larger PV system using MPPT charge 
controller with two batteries in series and larger DC-AC inverter. 
 

 
Sample Stand-alone PV System design with defined loads  
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Resulting Stand-alone PV System to meet the capacity and energy requirements of the defined loads 
 

 
Types of inverters used in Grid-tied PV Systems 
Micro Inverters 
String Inverters 
Optimizers/RSD with String Inverter 
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Concept of AC Modules (Micro Inverters) in simplifying grid-tied solar installation vs string inverters. 
 

 
Typical Grid-tied Solar PV System configuration for single-phase installations using a string inverter for Net 
Metering. The solar modules are equipped with Rapid Shut Down (RSD) switches, DC breaker to isolate 
the solar modules, DC Surge Protective Device (SPD), AC SPD, AC breaker to isolate the Inverter from the 
AC line, lockable switches for the inverter and service equipment, bi-directional meter for Net Metering, 
and Renewable Energy Certificate (REC) meter. The system is also equipped with grounding system. 
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Low voltage grid connections in the Philippines. 
 

 
Grid forms to be considered in Inverter connections. Not all three phase inverters are compatible with 
230V delta connection. Use of matching transformer is recommended. 
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Typical three-phase inverters from Inverter manufacturers Solaredge and SMA 
 

 
Three-phase inverter, such as Solaredge SE50K, SE55K, SE82.8K can be installed on both wye and delta 
secondary three-phase connection. However, the rated output of the inverters has to be derated at 60% 
when connected on a delta grid. 
 
 
 


















































































































































































