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ECE - Electronics and Communications Engineer
ERC - Energy Regulatory @onission
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RME - Registered Mechanical Engineer

ROl - Return on investment
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Rooftop Solar PV Project Planning, Design, Installation, and Operations and Maintenance Manual

Acknowledgemerd

ThisRooftop Solar PV Project Planning, Design, Installation, and Operations and Maintenancevianual
madepossibleunder theUNDP DREAMSoject with the Phippine Departmentof Energyin cooperation
with the International Copper Associatip@RE ACMEEand thesupportof the Provincial Government

of lloilofor conductingthe pilat training for its localgovernmentunits.



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

1 Introduction

1.1 Background

The UNDP and DOE through the DREAMS piogsctompleted the lloilo Provincial Reneable Energy

Plan(t w9t 0 ® ¢KAA Aa | LIAf20 LINR2SOG G261 NRa GKS af 2(
as contained in the National RE Plan 2@Rd0. The-PREP project aims to strengthen the capacity of

local government units in lloilim contributing to the achievement of national renewable energy targets.

I-PREP itself is a loigrm plan that will serve as a tool in fulfilling this role.

Integrated in thedPREP is the Capacity Building Plan that seeks to address gaps in the cdiaeitpilo
Provincial Government (IPG) and lloilo LGUs in renewable energy policy, planning, regulation, permitting,
and project developmentin this regard, the capacity building plan recommends stern and
continuing training programs based on ihiag Needs Assessment that was conducted as part of-the |
PREP.

One of the shorterm trainings identified during the consultations with the LGUs and Electric

/ 221LISNF 0A@Sa Aa | G¢NIAYyAy3a 2y bSi aSiPYNAFESYFRPOT
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 establiing 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 Electrific§@DRE). The Association of City and
Municipal Electrical Engineers and Electricians (ACMEEE) were also be consulted in the training design and
the preparation of the manualCA and CORttovided advisory and expert services in the design and
implementatian of the trainingprogramusing this manual.

1.2 Obijectives of thdRooftop Solar PVraining Manual

The Solar PV Training Manual will be used be technical trainings personnel to manage the design and
implementation of the training progranT.here are twayeneral training objectives using this manual.

The first objective is tocrease the knowledge of Technical Staff of LGUs Engineering Office and Office of
Building Official (OBO) on the regulatory requirements of net metering and instediafgpp solarPV
systems in general and build their capacity in electrical safefgection based on the requirements of

the Philippine Electrical Code, Natiomalilding Code, and Philippine Green Building Code.

The next objective it to teach thethnicalaspectn the basics of rooftop solar PV design and installation
and indepth knowledge and skills in rooftop solar PV project planning, operationnaaidtenance in
view of ongoing and planned rooftop solar PV projects that wibhlweed and operated by the LGUs
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1.3 Using this Training Manual

This training manual can be used in developing training progfamSolar PV rooftop implementation.

The manual uses PowerPoint slides with narratives that can be used by the trainer to explain the slides.
Other references @n be used by the trainer for further explain the topics. Handschecklists are also
provided with instructions on how this will be filled by the trainees with the practical activities to be
conducted.

The m@rticipantstargeted for this trainingare technical personndtom the offices of themunicipalor city
planning and development, engineering, and building officitlese are the personnel that are involved

in the planning, design, procuremeimstallation, inspection, permitting, commissionirggeration, 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.
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2 Lecture Taining Materials

These training m&rials are composed d?ower Bint slidesand presentation notes that theainer can
use in its lecture. dditional materals can be used tsupplement theinformation providedin the slides.
Thee are fivesets of slideshat can beused perlecure session wititwo sets of Bdes that will be used
for the actual inspetion of the solar installabn. Thelecture slides are recommended to the used in the
sequence providedfor the progression of thé&knowledge shared to the tinees.

2.1 Session 1¢ Trainingintroduction

Thisis the training cotse intraductionthat shows the cotents of the training

Net Metering and . Training Course Introduction
Electrical Safety L
Inspection of
Rooftop Solar
PV Systems

Training Objectives

lll. Target Trainees

IV. Training Topics Covered

V. Training Methodology and Schedule

TI‘EiIiIliIlg VI. Training expectations and base-line

Overview and survey
Leveling Off

CRE .

The outine provides the coverage of the trainingith Training Course Introductigi®©bjectives Target
Trainees Training Topics Covergtiraining Methodology an&chedule, Trainingxpectations and base
line survey
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Training Course Introduction

The UNDP and DOE through the DREAMS project is in the final stage of completing the loilo Provincial
Renewable Energy Plan (-PREP) a=s a pilot project towards the “localization” of renewable energy
policies and programs as contained in the National RE Plan 2020-2040.

The HPREP project aims to strengthen the capacity of local government units in lloile in contributing to
the achievement of national remewable energy targets. I-PREP itself is a longterm plan that will serve as
a tool in fulfilling this role.

Integrated in the HPREP is the Capacity Building Plan that seeks to address gaps in the capacity of the
lioilo Provincial Government (IPG) and lloilo LGl in renewable energy policy, planning, regulation
{permitting), and project development.

Based on Training Needs Assessment that was conducted as part of the HPREP in consultations with
the LGls and Electric Cooperatives is a “Training on Net Metering and Electrical Safety Inspection of
Rooftop Solar PV Systems”.

The backgbund of the training corse is presented as a ngs the UNDP DREAMS projexith the lloilo
ProvincialRenewable Energy Plant(lw9t 0 Fa | LAt 234 LINRP2SOG G261 NRa
energypolicies and programs as contained in the NatidR&l Plan 2022040.

Training Objectives

" Increase the knowledge of Technical Staff of LGUs Engineering Office and Office of Building
Official (OBO) on the regulatory requirements of Net Metering;

* Build their capacity in electrical safety inspection of rooftop sclar PV systems and installations
based on the requirements of the Philippine Electrical Code, Mational Building Code, and
Philippine Green Building Code;

* Technical training on the basics of rooftop solar PV design and installation;

! 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 IPG
and LGLlis.

=

The training objectiveis to build capacity for the LGUtaf on the regulatory requirements for Net
Metering and sar rooftop technology.
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Target Trainees

Training of at least 80 participants from the lloilo LGU's and provincial
government

Municipal/City planning and development, engineering, and building
officials of the 42 municipalities and one component city of the province
of lloilo.

There will be at most four {4) participants per LGU. Participation of
women is encouraged.

List of participants shall be submitted to the lloilo Provincial Government
(IPG) through the Provincial Planning and Development Office (PPDO).

Thetarget traineeswere thetechnial staff of theL@Js in lloilo provinceSpecific taget groups can also
be trained using these training materials.

Training Topics Covered

- Net Metering - Legal Framework 2 Project planning and Implementation
3 Project management

3 Application Process for Met-Metering ) )
1 Technical System Design

- Solar PV Technology O Finance Investment and Analysis
3 Solar PV AC Systems 3 Procurement - technical specs, terms of
0 Detailed Solar PV System Design reference, and ABC
0 Solar Industry Standards and Safety Practices O Project Implementation

d Practical Works (Hands-on Fece-to-face)

The training covershe policy frame&vork forthe Net Metering scheme as wels the technical aspects of
solar rooftop technolog planning, dsign, implementation, and actuabndson inspection.
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Training Methodology and Schedule

The training will be from mid April to end of May 2022;

The training will be a combination of
= Limited face-to-face meeting on the first day and hands-on work
= Online sessions twice a week for 3 hours with off-line worksheet to be submitted by email
= One day practical hands-on activities with selected participants
= The Trainor and Resource Persons will conduct the training online and face-to-face

Link to the training materials will be emailed to participants for reference. This is to
supplement online learning to address the limited internet connectivity of some
participants

gel

The training was designedith online kectureswith limited fag-to-face handson activities. The omnie
lectureswere limitedto three hours witha break in the middle to avdistress on the part of the dime
participants. Lectures can lextendedwhen conducted on a faem®-facesetting. Online matesls wee
alsomade avaliable for the parttipantto download as rderences.

Training expectations and base-line
survey

Email to: iloilopw@gmail.com
Topic: Training Info

1. Name:

. Title/ Designation: Municipal engineer, etc.

3. Gender:

4. LEL:

5. Knowledge on Solar PV (0 - none, 10 - very knowledgeable)
6

7

]

. Knowledge on Net Metering: (0 - none, 10 - very knowledgeabls)
_ Interested topics in the Training: Solar design, cost, payback

8. New skills to leam during the Training: Inspection

9. Access to information: YouTube, Google, Wikipedia, etc.

Other comments:

Anonline surveyis condicted to have a baseline information ohet level of knowledge and interest of
the participants.tialso seekghe topics andskills that the participants wanted taagh during the training.
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2.2 Session2 - Net Metering Legal Framework

Thissessiorfocuses on thepolicy and legal framework dise basisor Net Meteling

Outline

Net Metering Definition
Background on Grid-tied Solar PV
Relevant Law on Net Metering

Status of Net Metering Program

Application Process for Net Metering

The outine for this session

Net Metering
Definition

* Net-Metering or NM - refers to a system,
appropriate for distributed generation, in which a
distribution grid user has a two-way connection
to the grid and is only charged for his net
electricity consumption and is credited for any
overall contribution to the electricity grid;

Thisslide provides the definition of Ndletering as defined in th&enewable Energy Law of 2008.

10
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Background
on Grid-tied
Solar PV

-80W
ergy

grcbnsumption.
An REC Meter is added to measure
Gross generation of solar PV

« A .

This animated slidd#lustrates the basic pritiple of how electricity is delivered to the housg the dectric
utility, energy efficiacy measuresusing efficient lighting, and the use of solar energy under thet
Metering program.

Relevant Laws
on Net
Metering

Electric Power Industry Reform Act
of 2001 or EPIRA

« Privatized and restructured the
electric powerindustry and to
make it more efficient and
competitive.

» Section 37 of the EPIRA mandates
the DOE to encourage private
sector investments in the
electricity sector and promote
the development of indigenous
and renewable energy (RE)
resources.

Repubhe Act 9730 of 2007
Emcire Poww xAustry Reform Act

& L
gef BN

Adeeper intoductionto the Fhilippine energy idustry is explained under the EPIRA.

11
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Relevant Laws on Net
Metering

Renewable Energy Act of 2008 or the RE Act.

» to accelerate the exploration and development of RE,
promaote its efficient and cost-effective commercial
application, and encourage its use as tools for balancing
the goals of economic growth with protection of health
and the environment.

» encourage commercial development of RE projects,
enabled several market development policies to enhance
competitiveness and wider use of RE.

* One of this policy mechanisms is the Net- Metering
Program for RE.

Net Metering is explained as part of the RE #2008

g' ﬁ ¢l ] Eg Renewable Energy Sources - BIGSHOW

An animated video of the raawable energy sourceand their appliations is presentedBGSHOW igsed
to remember the major reewable energygources nameliomass andbiogas, Gethermal, Solar, Hjro,
Ocean, and Wind energy

12
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Relevant Laws on Net
Metering

, Energy Regulatory Commission (ERC) Resolutions

P10 Resolution Me. 09 Series of 2013 Rules Enabling the Net-Metering Program
l & gy — + Defined Qualified end-users [QE) allowed to participate in the Net
Metering Program

* Utilizing varicus RE resources such as wind, solar, biomass, biogas energy
systems or other RE ms that can be installed within the OF's
premises. Limited to LOOKW.

* The Distribution Utility (DU) shall install two uni-directional meters [one
for import and one for export) or a bi-directional meter whichever is
economical. A third meter close to the RE em will also be installed to
measure the RE generated. Cu rrent%cul icy allows the DUs to eam the
equivalent Renewable Energy Certificate [REC) derived from the energy
generated under the program.

* ERC established a pricing methedology for the Met-Metering Program.
While primarily the intent of the Met-Metering Program is to manage
electricity consumpticn by installing a smaill FtI:Efacillgt',r, the QEs can sell
the unused electricity generated by the RE facility based on the blended
generation rate of the host DUs.

* The resolution also includes in its annexes the Net-Metering
Intercennection Standards and Met-Metering Agreement template.

womm e pir-

The RCRe®lution N0o9 Seies of 2013 provided the initialuideline in the implementation oNet
Metering. Thecapacityof PV systms under Net Metering is00kW.

Relevant Laws on Net
Metering

Emergy Regulatory Commission (ERC) Resclutions
Resolution Mo. 06 Series of 2019 Amended Net-Metering Rules

* The Amended Met-Metering Rules prescribe a maximum 20-working day
processing timeline for the DUs to complete the whole interconnection
process from receipt of the letter of interest; provided all necessary
permits and licenses from various concemed agencies are secured and
completed.

* Eligible “RE technologies” were alse modified to include wind, selar, run-
of-river hydro, biomass energy systems or such other RE systems capable
of being installed within the CFs premises with or without battery.

* In the amended rules, the ERC has considered that the conduct of
“Distribution Impact Study” [DI5] is 3 regular activity of the DU to ensure
the reliability and safety of the interconnection of the RE system and the
distribution system, hence D5 fee and net-metering charge were
removed to encourage participation from end-users.

* The pricing methodology under this resolution maintained the DUs"
blended generation cost excluding other generation adjustments.

* Further, the amended Net-Metering rules also rationalized the sharing of
lifeline rate subsidy among all consumers.

CRE P

Amendment to the Nt Metering rules wergrovided byERC Resolution NbSetes of 2019

13
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Relevant Laws on Net
Metering

Energy Regulatory Commission (ERC) Resolutions
£10 Resolution Mo, 05 Series of 2020 Amendments to the Rules Enabling Net
. Metering Program
l - CZ@ - The resolution was issued mogamuide clarifications on some provisions mentioned
i -@, in Resolution No. 06 Series of 2019. The following amendments were made:
%\ LI g ’ = (i) the definition of good credit standing now refers to electricity end-users

e, with no unsettled or cutstanding oblizations with the DU at the time of the
- : ) PE application, QEs would also inchude new customers;

— - [ii) all meters shall be charged to the DU except for existing customers who
wish to install RE systemns in their premises, of which the difference between
tRE nus; of the old meter and the new bi-directional meter shall be borne by
the end-user;

{
i T | :',- e « i} the DW shall bear the cost of an REC meter while the OF should pay the
== wiring cost from the facility to the REC meter; and
R - (iv) the REC meter should be located at the connection point or near the
i connmection point.
=TT i = The resolution also stipulates that in case the existing customers have two |2

uni-directional meters, the same will now be replaced by one (1) bi-
directional meter and the cost of such replacement shall be berne by the Du.

Relevant Laws on Net
Metering

Department of Energy (DOE)

Department Circular No. 2020-10-0022 Policies on Net-
Metering Program

* The circular clarified that the QEs under the Net-Metering
arrangement shall not be a net generator or producer at the
end of each calendar. Thus, any excess or balance Net-
Metering credits at the end of each calendar year shall be
forfeited.

* The coverage of the program is also expanded to include off-
grid areas or those not connected to the major national
electrical transmission grids.

The Deprtment of Energy issuethe Department Circular No. 20200-0022 Policies on Net
Metering Programemphasizing thatNet Metering Qualified Ed users should be net consumersd has
further expanded Net Mtering to offgrid aras.

14



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

Relevant Laws on Net
Metering

Joint Memorandum Circular No. 2020-01 LGU Energy Code

* The DOE and the Department of Interior and Local Government
(DILG) issued Joint Memorandum Circular instructing LGUs to
menitor and collect the benefits of energy projects and
incorperate the same in their comprehensive development plan.

* The LGUs are also mandated to streamline the processes in
issuing the necessary permits on energy related 8ro;ects in
accordance with Section 14 of the Energy Virtual One Stop Shop
(EVOSS) Act.

* The LGUs concerned stakeholders and constituents should be
capacitated on energy safety practices, energy efficiency and
conservation, energy resiliency, and energy planning

Presidential Decree 1096, or the National Building Code

A Joint Memorandum Circular No. 2020 LGU Energy Codeetween DOE and DILG was issued
supportingNet Metering.

Relevant Laws on Net
Metering

RA 11032 Ease of Doing Business(EOQDE )

* aims to streamline the current systems and procedures of
delivering government services.

* A unified aplplicatiun form will be required for business permits
and renewals to cut the red tape involved in business registration
and permit renewals.

* A one-stop-shop will be established to house agencies involved in
starting a business. All government agencies must comply with
standard turnaround time for various transactions.

+ All forms will be moved online, and digital copies of documents
will be submitted electronically to reduce the risk of graft and
corruption.

+ Likewise, licenses and permits can now be printed at home, and
this copy shall have the same authority 25 a hard copy.

* The EODE Law prescribes administrative and criminal liability to
the officials and employees who may act inappropriately.

RA 11032 &se ofDoing Bsiness promoteghe facilitation & Net Metering applicationshrough the
issuance of permitby the L®.

15
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Relevant Laws on Net
Metering

RA 11234 Energy Virtual One Stop Shop [EVOSS)

+ aims to streamline and ensure timely action on the permitting of
Boy@rergeneramn, transmission, and distribution projects in t
hilippines.

* intends to eliminate the bureaucratic red tape, which often
discourages foreign firms from entering the power generation
industry. EWO055 15 an online platform where prospective energy
developers can apply, monitor, and receive all the needed permits
and applications, submit all documentary reqguirements, and even
pay for fees.

It will zllow the single submission and synchronous processing of all
required data and information and will provide a single decision-
making portal for the approval of new energy generation projects.

+ All government agencies involved will be reguired to follow a strict
timeframe to act on pending applications. The failure of an gFenw to
act within the prescribed timeframe will result in the automatic
approval of an application while potential administrative sanctions
g‘gy be imposed against inefficient public officers to penalize the

ay.

The RA 1123dtreamlines the proces®r the applicationand appoval of energy projects.

Status of the Net Metering
Program

100
a0
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As of May 2021, a total of 4,118 qualified end-users are now registered
under the NMP with a total capacity of 33.21-megawatt peak (MWp).

The average Net-Metering capacity per installation increased from 5.5

: kWp in 2015 to almost 9 kWp recorded in 2018. For 2020, the average

@ ' ga recorded installed capacity of Net-Metering installation is 8.19 kWp.
L . o

Thestatus of the N& Metering pogram dready reabed 33.21MWp of capcity from 4,118 qualified
energy users as of May 2021.

16
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Status of the Net Metering
Program

*  Twenty-six (26) DUs in Luzon entered
into a Net-Metering Agreement (NMA)
with their QEs represent 37% of all the e =
DUs [71) in Luzon.

*  For Visayas, seventeen (17) DUs out of
the 38 DUs (45%) have signed a NMA
with their JEs while for Mindanao,
seven (7) DUs out of the 39 DUs
{18%2).

* MERALCO is leading the DUs in the
implementation on Net-Metering
Program taking 38% of the total
installed capacity nationwide.

Net-Metering Capacity

The Net Metering program is partipated by 26 distribtion utilities inLuzon, 17 in th&isayasand 7 in
Mindanaowith 38%o0f the Net Meteringcapacityinstalled uneéer MERALCO.

Stakeholdersinthe  Qualified End-users (QE)/Prosumers

Net-Metering * Distribution Utilities (DU)/ Electric
Program Cooperative (EC)

* Local Government Units (LGU)
* Engineering, OBO
* National Government Agencies
« DOE, ERC, NREB, NEA
* Service Providers/Contractors/Installers

* Financing Institutions
* Investor, banks, lenders

Theroles of Net Metering stakeholderare presented.

17
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RE Installation

This is the NetMeteringapplication process

4 Identification Documents — 1Ds, proof of valid occupancy for

i i residential customers, secretary’s certificate for business or
Appllcatlon PFFJCE‘SS commercial establishments. (Authorization of representative)
for Net-Mete rnng 3 Plant Parameters form
= Apphcanon a Technical details to be provided by contractor/ supplier/developer

= Updated electrical plan, duly signed and sealed by a Professional
Requirements of DU Electrical Engineer (PEE) with a photocopy of PRC ID and PTR.
(MERALCO) 1 List of Certified RE equipment

d List of equipment of the RE facility [solar modules, mounting
structure, inverter, cables, etc. with |EC certificates or equivalent)

4 Certificate of Final Electrical Inspection {CFEl} from LGU
 Amended Net-Metering Agreement with concerned EC/DU
1 Fixed Asset Boundary Document (FABD)

4 Certificate of Compliance (CoC) application form with fee
amounting to Phpl,500 in manager’s check payable to Energy
Regulatory Commission (ERC)

These are the list ofequirements for Net Mtering applicatiorunder MERALCO

18
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O Letter of intent to apply for Net Metering
Application Process O certificate of good standing from EC

-  Electrical Permit for the installation of RE facility from the LGU
for Net-Metering (Building/Municipal) officials.
_ i 1 Q Electrical Plans and/or Electrical Lay-out with RE system duly signed
Application and Seaied by a Profecsional Electriral Enginesr (PEE).
Requirements of EC O Location sketch in two copies using prescribed forms.

[ Photocopy of 2 valid identification card (1D) of the applicant.
dTechnical specification of the RE System.

a Cer%’rﬁgte of compliance to the international standards (I1EC) of the
product.

APPLICATION O Proof of similar installation
 Met Metering Application form
3 Architectural Plan of installation of battery cell and inverter

dFess
= P1,500.00- COC Application Fee (Manager's Cheque for "Energy Regulatory
Commission”)
= P1,000.00— EC/DU Administrative Fee

= Meter Cost - The cost of bi-directional meter (kwh meter with export and
import display) will charge to Qualified End-User.

(ILECO 11)

&

gef (WAL

A comparativdist of requirements for Net Mtering applicatiorunderILECO Il is presented

* Duly accomplished and signed * Photocopy of building permit
QE application_for Elec_trical mgw forsm (DPWH Fonm Mo, O applicable) .
CHFE oy hamthaloy || SSMmsegm s, " AP
(Building/Municipal) Sgc :;»g';::w a Professional  * :g';fhm‘;g'r;f:m;gfmm

officials.
* Proof of ownership (e.g, certified * Photocopy of yellow card from

true coy of CCT/TCT tax declaration, Meralco
current realty tax receipt, and CopY o  pnotocopy of updated PRC and PTR

APPLICATION of duly notarized contract of lease essions
or deed of absolute sale for tenants o el -
of new owner * Photocopy of 1D of applicant/owner

* Photocopy of TCT of lot owner

if applicant will utilize old or existing
building, he/she has to comply the
above requirements including
submission of copy of current Meralco
Bill

A comparativdist of requirements for Net Mtering applicatiorbetween M&ati and Quezon City

19
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QE Application Fee to LGU

The foflomng schedute shall be wed for computng siectical fees i resdental
mefLSonal commerTial ond POUsInal stuctires
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| SAVA o s » 200 00
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. Over 50 kVA %0 300 kVA 100000 » 12004 VA
W Ower 300 kva 1o 1 500 AVA 180000 S.00AVA € Nacelacecut Fees Tiecaic Meter Sr rmen sparaion Alecston 1ecommesnn o
Owar 1,530 kA 1o 6 D00 AVA RON000 2 50A VA Niaes S0 Sausnee of ViNig Pumt
Cwar 6,000 hUA 2005000 125AVA

L & Crmomite o S Ve Wew) Peret
Dragenc Mz ance
NOTE Tots Conmmciod Load o8 shomm 1 Bhe bad schedule X
Pewtete L 800 ’ o
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rereded by P Soadeg Ofiwt T Wi ardic Pur Ovly sulvrcod rgmeeeslabey
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e 2T
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These are the feesstdbm the LGUor the application of the Certificate of Final Electribapection

_ U EC Evaluation
Net-Metering

i i Jinitial assessment to determine if a Distribution
Appllcatlc.m Process Impact Study (DIS) is needed
— Evaluation 2 Conduct the DIS, as needed with additional
information may be requested

VAL LIATIE dConduct of Distribution Asset Study (DAS), if

\/ ' 0 a wIk = ' H
LT necessary, with additional dlstrlbuﬁt}n assets and
costs required to accommodate the proposed
gzneration source of the Net-Metering customer,
usually done for big system sizes

1 LGU Electrical Permit evaluation

JCompliance with the standards and requirements on
electrical safety in the Philippine Electrical Code (PEC),
the Electrical Engineering Law, and the concerned
LGu.

Net Metering application is evaluated by the Electric Cooperadive the LGU fothe electrical permit
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[ QE/RE provider install the approved RE facility
Net-Metering 3 L6U toinspect the RE facility

Appllcatlﬂn Process crrificate ol compleiea = Copy of Diedrgal Permi
. Ins pection = Phabacody of electrical permil & Duly filed s Ceridfcane of Final

Eleeiral | tiena (CFEN
Apgraves elecirical plans R A,

*  Rewited Flncirical Pl wiih PEC il
Bovised elecirical plans end FTR

"

®

INSPECTHON

Elsctrical tesl iR

Ewvised Elecirical Flan s FRL 1D
ard FTRL

= LU to inspect the RE facility according to approved plan and desizn
= @ to make necessary correction if any to secure CFEI
= LG o issue CFEl with the Certificate of Use/Oocupancy

J EC to inspect the RE facility
= ECto chedk and approve service entrance

= EC shall furnish and install bi-directional meter at the QF's premises. QE to

%ﬁde the required space and the associated civil works for the meteri
lity that is a clean place free of vibration, accessible and visible for ng
and testing by both the EC and QE.

2 EC shall also furnish and instzll an REC meter in proximity to the solar PV to
mieasure the total RE generated for compliance with the Renewable Portfolio
Standards [RPS) of the EC to measure the actual consumption to determine
non-exermpticn from paying subsidies such as [ifeline subsidy rate, senior citizen
subsidy rate and other relevant subsidies

= OF to make necessary correction if any to secure approval from EC

This is the NeMeteringinspectionprocess and checklist

Net-Metering MO
Application Process T, wa
— Completion o= w1

COMPLETION

WURICEAS, 0 b prpadiind T8 0 b gl b i
B st g et

R L A T -
N

l’l'l"

Upon completion of theNet Meteringapplication a Net Metering agreement between the DU and the
QE is gined and shmitted to ERC.
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Net-Metering A The EC testing and commissioning
Application Process process consists of the following:
— Energization Q Verification and inspections

U Reactive power test
U Protection tests

J Reconnection timing test (blocking
test)

W Synchronization test

QE through the assistance of the EC,
submit NM COC documents to ERC

ENERGIZATION

Once the Nt Metering installation i€omplekly inspected, the system is ready for energization

Offline Worksheet
Guide for Installation of the Renewable Energy Systems

Guide for LGU Permitting of Renewable Energy Systems Installation (expand table as needed)

Step # | Acthaty)f Requirements Timeline {days) | Fees (Php)
Stake Holder (QE, EC, LGU)

L B I

&
Email to iloilopv@gmail.com with subject: NM guide for RE
Include Name, designation, LGU

Theparticipants ardo fill-in theform as a guidén the Net Metering application stating the regements
the timelines, ad the corresponding fees for the application process.
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2.3 Session3 - Solar PWechnologyBasics
BasicElecticity
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.

Voltage Power Energy

Also known as The value of current times The value of Power times the operating

electromotive force (emf). the voltage. time (hours).

It is measured in volts(V) It is measured in wattage or It is measured in watt-hours (Wh) or
watts(W) kilo-watt-hours (kWh)

Current

The amountl of electrical Voltage Drop =

charge moving pasta Current x Resistance

given point in an electrical —

circuit per unit of time.

. : Resistance X
It is measured in o
amperes(A) @
- 3
— —~+
. Voltage ./ +\ Load g =
Resistance I Voltage a
Aractarictic whi Source '\_ / g8
That characteristic which - V)
opposes the flow of electrical
current through itself.
It is measured in ohms((2) Power = Current x Voltage

An electric circuit can be composed of a voltage source and conductors to supply power to a load. The
conductors haveresistance,and a voltage drop can develop across the condueimzording to the
resistance and the current flowing on the circuit.
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Direct Current
DC

; —li—

Alternating Current
AC

e

Real Power (P) in W or kW

Apparent Power (S) in (VA) or kVA POWER TRIANGLE N +

Reactive Power (Q) in VAR or kVAR N~
@ \ Reactive Power

S=vV(P2+Q?) | inVAR,(Q)=Vx

Power Factor (pf): A

pf=P/S

pf =cos 6

Inductive loads: Lagging pf
Capacitive load: Leading pf

6

P>
Active, Real, True Power in Watts (P) =
V x 1 cos@

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 producedymamo

with a spinning rotator that changes its telge 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 electricityTesla usediransformers stepup the AC voltage for
transmissiorand stepdown the voltagdor distribution and consumption.

As the AC electricity flows in the circuit, inductive load current lags the voltate edpacitive load leads

the voltage creatindrReactivePower along the circuit in addition to theeal 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 iNolt-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 unibere Real Power is equal to Apparent Power
with no Readtre 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 puregystive 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 thaeactive power Advanced solar PV inverters can also be programmed to feed
reactivepower to the circuit to bring the power factor close to unity.
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Solar Energy

Utilization
Solar Thermal Solar Photovoltaic Solar Thermoelectric Concentrating Solar PV
(solar water heater) (Solar PV) (Solar thermal) (CPV)

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 ammnmercial 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 smakirea to raise the temperature of a working fluid such molten salt to genetatnsto

drive a turbine and produce electricity. Concentrating solar PV (CPV) also increase the output of the solar
cell with concentrated sunlight. However, concentrating thevimg 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 Effect

g s

hoton ™o

Electron Rich —»

. ___'_'_'_,_,_,——!‘ f
Junction P /
Electron Starved

Silicon Solar Cell

Photovoltaic (PV) effect is the generation of electricity of a material when stryclight. 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 ofhe 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.

Blocking Diode

THT
100"
Il W
I N
IDD

-
-
—
DDDDDDDDD

Bypass Diodes

The electricity produces by a singlelar 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 thesolar cell to charge a typical 12V battery, the cells are connected in series to produce a higher
voltagethan the terminals of the batteryWith the solar cells connected in series, the voltages of the cells
are added while the current is the same acrtss 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 celbs 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, stréing isdivided 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 batterys higher than the cells. This will prevent the battery from being drained when the
solar cells are not generating electricity.

Solar PV modules

Solar Panel

Solar Cell

From a Solar cell, the cells are combined, encapsulated, and framed as Solar Module. Several solar
modules are combined toofm as Solar Panel. Oftea,singlesolar moduleis incorrectly calleda solar
panel Several solar panels when combined in large quantities are called solar arrays.
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DC Solar
Photovoltaic
System

Charge
Controller

-

% |

Storage DC-AC AC
Battery Inverter  appliances

A typical stanealone DC Solar PV System is composed of a solar module, a storagg, lmttbarge
controller, DC loads, a BAC 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 regulateshiteging 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 D@C inverter is connected to the battery to convert the DC voltage from the battery to AC
electricity.
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Grid-tied Solar
Photovoltaic
System

&

5094 ."

1489

Normal Operation

Solar supply power the
load, excess generation is
exported under Net
Metering

Cloudy Day

Power from Solar is not
enough to power the load,
grid power is imported to
power the load

Nighttime

All energy required by
the load is supplied by
the grid

=

o

Outage (Brown-0ut)
During power outage
from the grid, Solar shuts
down. No power is
supplied to the load

Gridties Solar PV Systems takes advantage of the grid connection to eliminate the use of batteries in using
PV systems. This is made possible withadvancement 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 witham®unt 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 éoudy 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 wheer¢his not solar generation, all of the
energy requirement of the load is supplied by the DU.

Since there is no energy storage devitehis solar installation, the system shidswn during a power
outage (brownout) of the DU even during a sunny dayeTdridtied 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 sup@lsic-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
Photovoltaic
System

1429

Normal Operation
Solar supply power the
load, charge the BESS,

.7 110"
y B 90%
2476"
Cloudy Day
Solar supply power the
load, BESS can supply the

Shates UvE

S
¢ _

0 .‘T 20
\“aJI, ¥ F0%

1382

Outage (Daytime)
Solar supply power the
load. BESS charged by

¢ D

(V] ’T 2476%
\"\;/‘ o 0%
2474
Outage (Nighttime)
Stored energy in the BESS
supply the load

load to reduce import
from the Grid

excess generation and
supply the load when
solar output is low

export excess generation
under Net Metering

Hybrid Solar PV Systsuses 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 aktaadystem to
power the load without draining the battery during the day. Stored energy can be used for outages at
night.

The hybrid system with gritbeding capability ugg its battery can perform peak shaving functions for
commercial consumers that pay demand chargjbe system can be programmed to activate stored
battery energy when a high demand is detected.

Excess energy generated during the day can be stored ibattery 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 asdbereduction 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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Off-Grid/ Stand-Alone System Hybrid System On-Grid System

Major components: Major components: Major components:
Solar Modules Solar Modules Solar Modules
Mounting Structure Mounting Structure Mounting Structure
Storage Battery Storage Battery

Charge Controller Charge Controller

DC to AC Inverter (Optional) Hybrid Inverter (Battery input) Grid-tied Inverter
Feature: Feature: Feature:

No grid requirement Grid-tied with back-up power Lowest cost (no back-up)

Solar PV System Components

The three classifications of solar installation are the 1)®if/StandAlone systen2) Hybrid System and
3) OnGrid System. They have specific components and characteristics.

1) Off-Grid/StandAlone systems can be installed anywhere under the sun. This is also similar to solar

streetlights with all components necessary for its full openativithout 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 flexibilibsiafy the g

whenever it is available and having the solar panels to reduce the consumption at night. With the
battery, the system can provide back power during power outages and can store excess solar

generation to be used at night or during power outages.

3) OnGiid Systems 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 backup power during brownouts and long outages after majaasters before the
grid is restored.
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Solar PV modules

—— Aluminium Frame

Typical solar PV
module
construction

—— Tempered Glass
— Encapsulant - EVA

—— Solar cells

—— Encapsulant - EVA
> — Back sheet

Junction Box

Image Credit Trina Solar

EVA - Ethylene Vinyl Acetate

Thisis the typical construction of a monfacial 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
acdate (EVA), back sheet, low carbon tempered glass, and supported by an aluminium frame.

L) I

Required space of 1kWa PY armay 1620

Solar PV modules

Types of PV module
cell technology and
area per 1kWp PV

array due to .
efficiency

IEC 61215 standard for Crystalline silicon modules
IEC 61646 standard thin-film modules

New types of solar PV modules:
Passivated Emitter and Rear Contact (PERC), Half-cell, and bi-
facial, glass-glass lamination

There are several solar cell technologies with different conversion efficiencies. The most efficient is the
monocrystalline, followed by the poly crystalline, thiéve 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)¢ctitaitlls, and bfacial cells with glasglass laination. IEC
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standards for solar modules at&C 61215 for crystalline silicon modules and IEC 61646 fofilthin
modules. Solar module efficienaffects the area required per kilowatt capacity of installation.

* PV Cell Efficiency increase over time

Best Research-Cell Efficiencies

Celis £2-termrdl moncine

o»u»aoi‘ coeod

B 8 &
T

&
T

Cell Efficiency (%)

I o

Solar PV Module Efficiencies

Solar PV module efficiencies has ina@@ over time since 1975 to post 2000. Solar cell technologies are

categorized as crystalline silicon cells, sifgtection cells, mulunction cells, thidfilm technologies, and
emerging technologies.

PV Quality Tests

— )

Electronic
relay

Si CCD camera

Electro luminescence Test

Solar PV Module Quality Tests
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Solar module quality is tested using the Eledtuminescence 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.

PV Quality Tests
Power Measurement
Power Maximum Power Point | 304.12W
Open Collector Voltage 4057V
Short Circut Current 9.71A
Flash time 90 ms
| Module Temperature 28157
Monitor Cell Temperature 19.17°C
“Monitor Cell Power 101391W
Approved by Module ID
Time of Appeaval
Parameter Set NSP.MONO
e
/ﬂ: U
Fois \
» b
.f/ \ &
i
."‘
4 ™
i s
P ?
4
% Lo |

Flash Test Equipment

https://www.energy.aau.dk/laboratories/renewable-
energy-conversior ge/pv-sy lab v/

.
N
™,
. ,_.-—-—""‘“""mu"

Flash Test (IV Curve)

Solar PV Module Quality Tests

Thevoltage 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 itd¢alaheet under Standard Testing Condition of@%ell
temperature, 1000w/ irradiation, and Air Mass of 1.5.
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*
I-V Curve Variation with Irradiance Electrical Characteristics
Nominal Maximum Power (Pm) in Watts 100
PV module: Waaree, WS-100/ 12V
74 Power tolerance 0/+5W
- T T T T
Cels temp. = 25 °C
Incident krad. = 1000 W/m* Open Circuit Voltage (Vo) in Volts 2197
sF 1000 W _
Short Circuit Current () in Amps 6.07
sk Incident krad. = 300 Wim* |
Voltage at Maximum Power (Vimp) in Volts 17.46
- A R
£ Incident krad. = 600 Wim* Current at Maximum Power (Ime) in Amps 5.73
ol 1 il Maximum System Voltage in Volts 1000
Incident krad. = 400 Wim*
2k ] Module Efficiency (%) 12.88
Incident krad. = 200 Wim*
i s Maximum Series Fuse Rating (A) 15
1 .
*Under Standard Test Conditions (STC) of 1000 W/m? irradiance,
0 L L o> AM 1.5 spectrum and 25°C cell temperature.
0 5 10 15 20 2
Votage [V]
One with the Sun

A sample datasheet of a 100W solar module shows its output characteristics under various irradiation
levels. The voltage remained above 20tsothile 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 voltagemomaxi
series fuse.

|-V Curve Variation with Temperature

PV module: Waaree, WS-100/12V

Al
7
= Thermal Characteristics
6 T Temperature coefficient of Current (lsc), a (%/°C) 0.0681
Temperature coefficient of Voltage (Vo.), B
s | P! ge (Voc) .0.2941
(%I°C)
% Temperature coefficient of Power (Pm), v (%/°C) -0.3845
- 4
i NOCT (°C) 4632
3 , |
Incident krrad. = 1000 W/m* Operating temperature range (°C) -40 to 85
Cells temp. = 10 *C, Pmpp = 1057 W
HS Cells temp. = 25 °C, Pmpp = 100.0W .
w— Colis femp. = 40 °C, Pmpp » 943 W WREE
o Celis temp. = 55°C, Pmpp = 834 W One with the Sun
1| — Celstemp =70°C, Pmpp=825W N
0 L L ) L]
0 s 10 15 20 25
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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 fortte increase in cell temperature.

Solar PV modules

Solar PV module

DIRECT RADIATION
performance depends on: N

\

“INCIDENCE
ANGLE

Temperature effects ‘ \</*-u1wra

Degradation ANGLE

Solar radiation, albedo,

] = TILT ANGLE ~
shading, soiling

Incident Angle, tilt and
orientation

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 multipleows of module, the eastvest orientation of the solar modules is
adapted to install the most capacity for a given area.
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Philippine Solar
Resource Map

k¥Whimziday

The Philippine Solar Resource Map developed by the National Renewable Energy Laboratory (NREL) of the
US DOE shows an average sadiation data of 4.5 to 5.5 kWh/ffday with seasonal variations.

GLOBAL SOLAR ATLAS ;11 55122 64631

GLOBAL WIND ATLAS | ENERGYDATAINFO

n : i | ‘l Passi

X Map Sitesv PVstudy Download Aboutv Contact 3

& 11.11735°122.646871" ~
3 Pass), lloilo, Phdippines
o =33 i Time zone: UTC+08, Asia/Manila [PST]
& (AT A s
P £ | Yl )
N - -
% g . -] n} < @
= i i Open detail Boakmark Share Reports
™ Foway !
glon . p 3
® SITE INFO
= =
Map data
a :
¥ h\ (] 1824
N/ <
i Legend ~ | Direct normal imadiation oNI 3.456 |
/ Global honzontal Irrackation GHI 4.785 |
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.
Diffuse horizontal irradiation DIF 2364 1
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optimum angle
A Optimum it of PV modules 0PTA 11/ 180
' il
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Global Solar Atlas - https://globalsolaratlas.info/map

Another source of solar irradiation data is the Global Solar Atlatps://globalatlas.info/map
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Monthly averages

Direct normal irradiation

150

100
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Nov Dec

[kWh /m?)

Global Solar Atlas - https://globalsolaratlas.info/map

The Global Solar Atlas website also provides seasonal information of the shtgiora 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.

45 123
235 280
250 30m
9-10 267 298
10-1 259 292
1n-12 264 314
12-13 269 299
13-14 284 an
14-15 265 30
1616 243 262
16-17 187 189
17-18 30 16
18-19
19-20
20-21
21-22
22-23
23-24
Sum 2598 3499 4165 4756 4303 3646 2997 3275 2992 3352 3540 2986

Global Solar Atlas - https://globalsolaratlas.info/map

Average hourly solar radiation data on a monthly basis is also provided in the GaakAtlas 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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DC PV system with
Battery, Charge
Controller, DC loads

£

* Solar PV System with DC
load (Streetlight)

= Solar PV module

=

®= Mounting structure

= Charge Controller/Night
lamp controller

= Storage Battery

® \Wires and Connectors

i

A standalone DC PV system suak 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.

Storage Batteries

Rechargeable Batteries
store electricity in
chemical form and release
it back to electricity when
needed

Ratings:

Voltage at terminals

Capacity: Ampere-Hour

Cycle life: Based on Dept-
of Discharge (DOD)

Types of storage Batteries used in Solar
Lead Acid

* Flooded, Sealed, Gel, and AGM
(Absorbed Glass Mat)

Lithium-lon Batteries

* Lithium-Cobalt Oxide Battery

* Lithium-Titanate Battery

* Lithium-Iron Phosphate Battery

* Lithium-Nickel Manganese Cobalt Oxide
* Lithium-Manganese Oxide Battery

Source: http://synergyfiles.com/2015/09/5-types-of-lithium-ion-batteries/

Rechargeable Batteries store electricity in chemical form and reliédsek as electricity when needed.
The most popular types of batteries used are the Lead Acid and the Litbiubmatteries. Their technical
specifications include theiWoltage rating, @pacity in AmpereHour, Cycle life Based on Dépbf
Discharge (DOD)
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Types of storage Batteries used in Solar

Storage Batteries R

Rechargeable Batteries

store electricity in
chemical form and release
it back to electricity when
needed

DEEP cye,
na w.}.‘,“ EL

12V 1004y

Ratings:

Voltage at terminals
Capacity: Ampere-Hour

Cycle life: Based on Dept-
of Discharge (DOD)

These are photos of the batteries used in solar installations.

)
3

5000 |

4000 |

3000

number of cycles charge-discharge

2200 cycles @80% DOD

¥
£

Battery Warranr.y? e 500 cycles
.---250 cycles

2
3

10% 20% 30% 40% S50% 60% 70% 80% 20% 100%
depth of discharge, 2(DOD)

Battery number of cycles vs Depth of Discharge

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 (té@@idine), deegcyde leadacid

(blue line), and theAGM Lead acid (green linbatteries can take over the depth of dischargeOD)
(horizontal axis)At 80% DOD, the deegycle leaéacid battery can only take 500 cycles, the AGM Lead
acid battery can tke 250 cycles, while the LilPkattery can take 2,200 cycles. If cycle is equivalent to
single day, the deepycle leadacid battery only last a year and four monthise AGM Lead acid battery

only lasts 8 monthswhile the LiP¢battery canlast 6 years
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Solar Charge Controllers

Solar Charge * Pulse Width Modulated (PWM)
Controller s comean

=
Charge controllers regulates charging of - L
the batteries from the solar modules to e e @

protect them from over charging

Some charge controllers also include
discharge controllers that protect the

i » Maximum Power Point Tracking (MPPT)

disconnecting the load

Streetlight Charge controllers protects ’
the battery from over charging and I
deep discharging. They also have lamp

control to turn on at nigh and turn-off L

in the morning or after the =
programmed time. o

Select the correct type of controller for the battery technology used

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. StregttiCharge controllers have laropntroller to turn on at nigl

and turnoff in the morning or after thgprogrammed time.

Pulse Width Modulated (PWMharge controller regulates charging by pulsing the current from the solar
module to the battery and redates the charging by changing the duration of the pulse. A 12V battery
will only need a PWM controller when a-86ll solar module igsed or charging a 24V battery bank using
60-cell or 72cell solar modules.

AMaximum Power Point Tracking (MPRfarge controlleralso works similarly with the PWM controller

but operates on a wideand higherinput voltage from the solar modules. A 12V battery can be charges
with 60-cell or 72cell solar modulsusing the MPPT charge controller.

41



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

Basic Solar Streetlight Component Sizing

DC system with
Daily Energy = 12V LED Lamp size (W) x running hours

Battery, Charge = 10W x 12 hours = 120Wh
COﬂtI’O”EI’, DC loads Solar Module Capacity in Wp
Typical System sizing: §$§‘22$§}‘{£§r‘,‘;§r=03“§%“t = 3.8 kWh/kWp/day

Solar Wp = (120Wh)/ (3.8 x 0.8)

LED Lamp = 39.47 Wp (Select 40Wp, 36 cells)

Battery Capacity Battery Capacity in Ampere-hours (Ah) at 12V

Daily Energy = 120Wh

oo Y s JaYS: o (Lead Acid battery)
- ax bep 0 ISCharge = o |\Lea Cl attery
Charge Controller ratings Battery Ah = (120Whx 3days) / (50%x 12V

Solar Module Capacity

Charge Controller
Solar module maximum current = 40Wp/12V = 3.3A
Load Current = 10W/12V=0.83 A
Select 10A (smallest size) Streetlight Charge controller

This is a basic Sol&treetlight Component Sizing:

Daily Energy requirement: 12M0W LED Lamg 12 running hours
120Wh
Solar Module Capacity in Wp
Select 40Wp, 36 cells
Battery Capacity in Ampe#ieours (Ah) at 12V
60Ahat 12V
Charge Controller
Select 10A (smallest sizZE)/24V Streetlight Charge controller
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Typical Solar Calculate the Solar Streetlight
Streetlight Design Components
Given:
* LED Lamp rating: 12V, 30W, 12
hours/day

* Autonomous days = 3 days

* Max Depth of Discharge = 90%
gLithium—Ion batte%f)

* Specific PV power Output = 3.8

S ke\/h/kWFf/day
* System Efficiency = 90%
Calculate:

U Daily Energy requirement (Wh/day)

U Li-lon Battery Capacity in Ampere-
hours (Ah) at 12V

U Solar Module Capacity in Wp

U Charge Controller Ampere rating

Sample Solar Streetlight Design Problem to be solved by the participants

PV System with

Battery, Charge ik AC Loads (Appliances)

Controller, AC loads it PWM Charge
Controller

In stand-alone PV

Systems with

batteries, a battery

inverter is added to

convert DC power

DCto AC
Battery
Inverter

from the battery to AC
to run AC appliances DC

Breaker a

StandAloneSolar PV System with AC load (appliancesiall PV system using PWM charge controller and
a single lttery with DGAC inverter.
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PV System with
Battery, Charge

Controller, AC loads
Size the inverter
according to the

MPPT Charge  AC Loads (Appliances)
Controller

capacity required by
the AC loads

J

| éﬁﬁﬁﬁ-

Add more PV modules, DC to AC
batteries, and uprate ¢ Battery
Inverter

the charge controller
as required by the
inverter

StandAlone Solar PV System with more AC load (appliances). Larger PV system using MPPT charge
controller with two batteries in series and larger{BC inverter.

v System with [ N e e
100 12 1200

Battery, Charge Lights 100
Water pump 970 2000 1 970
Controller, AC loads pump
- Fan 75 75 8 600
System Sizing: Total 2175 2770
Load demand
Load demand: 2175Watts 2400W 24V
[)a||y Energy Daily energy required: 2770 Watt-hours P —
Inverter Voltage Inverter: Use 2400W pure sinewave inverter mm S
Battery input: 24V + Max 60VDC PV Input
Charge Controller PV input: 1200W, 60VDC maximum ¥ Max 1200W PV Array Power
Storage Battery Battery Ah = (2770Wh x 3days)/(50% x 24V) PV Specifications
= 692.5AH ,24V S I W] 450
Solar Array Use: 200AH 12V battery, 2 series, 4 parallel :;c Eﬁ;m}ﬁi

Vmpp (STC) [V]: 41.5
Impp- (STC) [A]: 10.85
Solar Wp = (2770Wh)/ (3.8 x 0.8)

=911.18Wp
Use 450Wp, 2 modules in parallel

Sample Standlone PV System design with defined loads
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450Wp  450Wp

2400W Battery Inverter
with Charge Controller

PV System with
Battery, Charge
Controller, AC loads
System Configuration:
2 x 450Wp PV in parallel

1 x 2400W DC/AC Inverter

AC Loads (Appliances)

with charge controller

Battery bank
12V 200AH
8 X 12V ZOOAH Battery 2in series

4 parallel strings
2 batteries in series

4 parallel strings

Resulting Stanehlone PV System to meet the capacity and energy requirements of the defined loads

Micro Inverters ****
Grid-tied Solar PV

Micro . Micro . Micro . Micro

Inverter Inverter Inverter Inverter

Systems |1 s
I I

String Inverter

String Inverters

String Inverters with Optimizer/Rapid Shutdown
Devices

Optimizer/ Optimizeri Optimizer! Optimizer!
RSD RSO

Types of inverters used in Giiidd PV Systems
Micro Inverters

String Inverters

Optimizers/RSD with String Inverter
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AC Modules (Micro Inverter)

http://www.oke-services.nl/pages/ok4.htm

Concept of AC Modules (Micro Inverdgin simplifying gridied solar installatiorvs string inverters.

Solar Array String
] Inverter

— ||

=
weiaey 1 Bi-directional
Meter

el < |
NN |

Lockable
switch
DC AC
Breaker Breaker |(& &
w/ SPD w/ SPD I =Hi—

Rapid Shut Down (RSD)

Electrical Load o] p——
Panel Board =

Single Phase Grid Tied PV System for Net Metering

Typical Grigdied Solar PV System configuration for siqgif@se installations using a string inverter Net
Metering. The solar modules are equipped with Rapid Shut Down (RSD) switches, DC breaker to isolate
the solar modules, DC Surge Protective De{&D), AC SPD, AC breaker to isolate the Inverter from the
AC line, lockable switches for the inverter and service equipmeilireéctional meter for Net Metering,

and Renewable Energy Certificate (REC) meter. The system is also equipped with grosteling s
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Low Voltage Grid Connections Commercial/Industrial Grid Connections
138KV LL
8L '
A ! ]
1H258VA 1225KWA TZHVA _\
T | | — v
ZE" s 3
t ca. 200m
oa. 25-40 Custonss
230V . 2300
; o L
L2 -t b L1 M £ [ 12 A B CN
5 5 g
2Ll
Config A Configuration B Configuration C WRNRES
AC/BC: Configuration B AC: Configuration C
AB: Configuration A AB/BC: Configuration A
Low voltage grid connections in the Philippines.
Single Phase
20V Single Phase 230V Splitphase TNC Networks
i e
L-N L : L TNC system TNC-S system
i 230/400 V 230400 V
o 3 R, —— L W L
Faan @ e 12
Saaa 3 O %3
TH oo 1 . o
Three Phase =] Tairet
m\‘f tr_ = 230V Delta TNS system TT system IT system
3 > 230/400 V 230/400 V
AN R L LR S L m—
\T<' L 2 vy 2 2
% 8 Faga 3 Wag ol e i
2 & & g N |
7 e [
I [ Easgrrent | Equorron [Esvomnr }—
L3 Not Compatible
with PV Inverter
Use matching
transformer
Inverter Connections

Grid forms to be considered in Inverter connectioN®t all three phase inverters are compatible with
230V delta connection. Use of matching transformer is recommended.
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wsar gy oo ST

Solaredge Three-phase Inverters SMA Three-phase Inverter

The Phase Grid Tied PV Inverters

Typical threegphase inverters froninverter manufacturerSolaredge and SMA

Threephase inverter, such as Solaredge SE50K, SE55K, SE82.8K can be installed on both wye and delta
secondary thregphase connection. However, the rated output of the invertkes to be derated at 60%
when connected on a delta grid.
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