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1 Introduction

1.1 Background

The UNDP and DOE through the DREAMS project has completed the lloilo Provincial Renewable Energy
Plan (I-PREP). This is a pilot project towards the “localization” of renewable energy policies and programs
as contained in the National RE Plan 2020-2040. The I-PREP project aims to strengthen the capacity of
local government units in lloilo 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 lloilo
Provincial Government (IPG) and lloilo 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
Cooperatives is a “Training on Net Metering and Electrical Safety Inspection of Rooftop Solar PV Systems”.
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.



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

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.
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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 —Training Introduction

This is the training course introduction that shows the contents of the training.

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

PV Systems IV. Training Topics Covered
‘ V. Training Methodology and Schedule

Training Objectives

lll. Target Trainees

TI‘EiIiIliIlg VI. Training expectations and base-line

Overview and survey
Leveling Off

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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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 background of the training course is presented as a result the UNDP DREAMS project with the lloilo
Provincial Renewable Energy Plan (I-PREP) as a pilot project towards the “localization” of renewable
energy policies and programs as contained in the National RE Plan 2020-2040.

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 objective is to build capacity for the LGU staff on the regulatory requirements for Net
Metering and solar 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).

&

The target trainees were the technical staff of the LGUs in lloilo province. Specific target 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 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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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

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.

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

. New skills to leam during the Training: Inspection

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

8
g

Other comments:

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

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 outline 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;

This slide provides the definition of Net Metering as defined in the Renewable Energy Law of 2008.

10
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Background
on Grid-tied
Solar PV

.
L

.
e

-80W
ergy

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

“ fE e

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.

Relevant Laws
on Net
Metering

Electric Power Industry Reform Act
of 2001 or EPIRA

« Privatized and restructured the
[ electric powerindustry and to
= mer? 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
Ewcirne Poww InAstry Reform Act

A deeper introduction to the Philippine energy industry 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 Act of 2008

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

An animated video of the renewable energy sources and their applications is presented. BIGSHOW is used
toremember the major renewable energy sources namely Biomass and biogas, Geothermal, Solar, Hydro,
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 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.

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 Net Metering rules were provided by ERC Resolution No.6 Series of 2019.

13
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Relevant Laws on Net
Metering

Energy Regulatory Commission (ERC) Resolutions

Resolution Mo. 05 Series of 2020 Amendments to the Rules Enabling Net
Metering Program

The resolution was issued mogamuide clarifications on some provisions mentioned
in Resolution No. 06 Series of 2019. The following amendments were made:

= (i) the definition of good credit standing now refers to electricity end-users
with no unsettled or cutstanding oblizations with the DU at the time of the
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;

= [iii} the oW shall bear the cost of an REC meter while the QE should pay the
wiring cost from the facility to the REC meter; and

= (v} the REC meter should be located at the connection point or near the
connmection point.

= 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 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.

14
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Relevant Laws on Net
Metering

Joint Memorandum Circular No. 2020-01 LGU Energy Code

Presidential Decree 1096, or the National Building 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

A Joint Memorandum Circular No. 2020-01 LGU Energy Code between DOE and DILG was issued

supporting Net 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 invelved 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 EODB Law prescribes administrative and criminal liability to
the officials and employees who may act inappropriately.

RA 11032 Ease of Doing Business promotes the facilitation of Net Metering applications through the

issuance of permits by the LGU.

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 11234 streamlines the process for the application and approval of energy projects.

Status of the Net Metering
Program

LR
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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
recorded installed capacity of Net-Metering instaliation is 8.19 kWp.

The status of the Net Metering program already reached 33.21MWp of capacity 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 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.

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

The roles of Net Metering stakeholder are presented.

17
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This is the Net Metering application 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-Metering

3 Plant Parameters form

= Apphcatlﬂn d Technical detzils to be provided by contracter/ supplier/developer

= Updated electrical plan, duly signed and sealed by a Professional
Requimme nts 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 of requirements for Net Metering application under MERALCO

18
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Application Process
for Net-Metering

- Application
Requirements of EC
(ILECO 1)

APPLICATION

O Letter of intent to apply for Net Metering
A Certificate of good standing from EC
U Electrical Permit for the installation of RE facility from the LGU

{Building /Municipal) officials.

3 Electrical Plans and/or Electrical Lay-out with RE S‘ESI
and sealed by a Professional Electrical Engineer (P

E]qlem duly signed

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 Certificate of compliance to the international standards (IEC) of the

product.

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.

A comparative list of requirements for Net Metering application under ILECO Il is presented

QE application for Electrical
Permit for the installation
of RE facility from the LGU
(Building/Municipal)
officials.

APPLICATION

Duly accomplished and signed * Photocopy of building permit
application form (DPWH Form No. (if applicable)
96-001E)

* Complete electrical plans
Five (5) sets of complete electrical signed/sealed by PEE
plans and specifications, duly

signed and sealed by a Professional * Filled out electrical permit
Electrical En,_m’by application Form and CFEI Form

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

of duly notarized contract of lease ::':g;m‘:g“ 08 PGB0 FIR
or deed of absolute sale for tenants
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 comparative list of requirements for Net Metering application between Makati and Quezon City

19
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QE Application Fee to LGU
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These are the fees from the LGU for the application of the Certificate of Final Electrical Inspection.

_ U EC Evaluation
Net-Metering

i i Jinitial assessment to determine if a Distribution
Appllcatlc.m Process Impact Study (DIS) is needed
— Evaluation 1 Conduct the DIS, as needed with additional
information may be requested
EVALUATION AcConduct of Distribution Asset Study (DAS), if

necessary, with additional distribution 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 Cooperative and the LGU for the electrical permit
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[ QE/RE provider install the approved RE facility
Net-Metering 3 L6U toinspect the RE facility

Application Process

cerificate of complelien = Capy of Diedngal Permi
I Ins ectlon = Phatocegy o elecirical permil = Duly filed san Cerilficate of Final
p Eleciral Ieapaction (CFLI
= Approwed elecirical plens
*  Rewited Electeics] Plaswith PEC D
< Wevised elecirical plans -

INSPECTHON

= Elecirical el ieu ks

= Epvised Elecirical Flan mis FRCID
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 furrlsh and install bi-directional meter at the QF's premises. OF to

E:w required space and the associated civil works for the mets
lity that isa dean placeﬁ'ae of wibration, 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 [RP5) of the EC to measure the actual consurnption to detarmineg
nun-exern n from paying subsidies such as lifeline subsidy rate, senior citizen
subsidy and other relevant subsidies

= oEto mah! necessary correction if any to secure approval from EC

This is the Net Metering inspection process and checklist

MM WET-MET BIN G A RIS XT

Net-Metering m——
Application Process A ——

— Completion
COMPLETION = B

TSR THAY

WIEIEAS. GO mmarsds & vedd .
v s Repessile Ty (35D SAmD. et Seirvl
— i s

o
dam -~
—ctance fV—
e
- -y
A, T s o wadded 8w e g b2 gt § W
= v g .
na e
SO, THERIIONS, nc s oo v b e —
T Sk 2 wn e i s
L Deem -
\lﬂ-cl Complonwe  Standardn - The ML Somm & b L3 -

hin e (I rvenase et b g -
Smae by Mloves Duisa Cab FUCL Py

g hid b ‘Eg

l’ll"

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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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

EMERGIZATION

H
gef Bt

Once the Net Metering installation is completely 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

™ =1 gﬂ
cHE .

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.

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 s
circuit per unit of time.

. . Resistance x
It is measured in o
amperes(A) @
- =
— —~+
+\ Load o —
Resistance Voltage .'/ a =

Voltage
That characteristic which Source I\_/ V) 8
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 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

§ —ili—

Alternating Current
AC

e

Real Power (P) in W or kW

Apparent Power (S) in (VA) or kVA POWER TRIANGLE 4 +
Reactive Power (Q) in VAR or kVAR \S\”

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 | 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 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

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 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 Effect

= ~
e

hoton ™o

Electron Rich —»

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

Silicon Solar Cell

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.

Bypass Diodes

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.

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 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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DC Solar
Photovoltaic
System

Charge
Controller

N -

Mizzszzzsass
Storage DC-AC AC
Battery Inverter  appliances

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.
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Grid-tied Solar
Photovoltaic
System

R @ ® . -
1489 e § o
Normal Operation Cloudy Day Nighttime Outage (Brown-Out)
Solar supply power the Power from Solar is not All energy required by During power outage
load, excess generationis  enough to power theload,  tha |oad is supplied by from the grid, Solar shuts
exported under Net grid power is imported to the grid down. No power is
Metering power the load supplied to the load

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.

29



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

Hybrid Solar
Photovoltaic
System

-éﬁsaj h ..ém_ - & o ' ' $0
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509" .’: 60 110" 0 4 ) @ 06
K\ s $0% \:/ — 7 ® 0% \;/ = so%
1429 2476 1382 B
Normal Operation Cloudy Day Outage (Daytime) Outage (Nighttime)
Solar supply power the Solar supply power the Solar supply power the Stored energy in the BESS
load, charge the BESS, load, BESS can supply the load. BESS charged by supply the load
export excess generation  load to reduce import excess generation and
under Net Metering from the Grid supply the load when

solar output is low

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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\

Sokr Mok

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) Off-Grid/Stand-Alone system 2) Hybrid System and
3) On-Grid System. They have specific components and characteristics.

1)

2)

3)

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.

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.

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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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

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.

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, 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.

* PV Cell Efficiency increase over time

Best Research-Cell Efficiencies

Celis 2eemrl monckne)  Thin-Film T
rec °ocC

Cell Efficiency (%)

ek BT

s | —
1995 2000

Solar PV Module Efficiencies

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.

PV Quality Tests

J

Electronic
relay

Si CCD camera

Electro luminescence Test

Solar PV Module Quality Tests
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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.

.
PV Quality Tests
Power Measurement
Power Maximum Power Point [30s2W
Open Coflector Voltage 4057V
Short Greut Current 971A
Flashtime 90ms
Module Temperature 24.15°C
| Monitor Cell Temperature 19.17°C
Monitor Cell Power 101391 W
“Approved by Module ID
Time of Appraval
Parameter Set NSP.MONO
[or——
e
2R
A b
.-‘/ A &
A
{ pr
,
i )
/ H
§
P i
_‘/" 1
i - o
i i Flash Test Equipment
e \
https://www.energy.aau.dk/laboratories/renewable-
energy-conversior ge/pv-sy v/
Flash Test (IV Curve)
Solar PV Module Quality Tests

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 25°C cell
temperature, 1000w/m? 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 r , , v Power tolerance 0/+5W
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 krrad. = 400 Wim*
2k ] Module Efficiency (%) 12.88
Incident krad. = 200 Wim*
i Maximum Series Fuse Rating (A) 15
1k -
*Under Standard Test Conditions (STC) of 1000 W/m? irradiance,
0 L L L L o> AM 1.5 spectrum and 25°C cell temperature.
0 5 10 15 20 s
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 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.

I-V Curve Variation with Temperature

PV module: Waaree, WS-100/12V

T

i [

Thermal Characteristics

Temperature coefficient of Current (l«), a (%/°C) 0.0681
Temperature coefficient of Voltage (V.c), B
s 1 2 e -0.2041
(%I°C)
% Temperature coefficient of Power (Pm), v (%/°C) -0.3845
- 4
E NOCT (°C) 462
5
g 4 |
Incident krrad. = 1000 Wim® Operating temperature range (°C) -40 to 85
Celis temp. = 10 °C, Pmpp = 1057 W
2 Cells temp. = 25 °C, Pmpp = 100.0W B
o Celis temp. = 40 °C, Pmpp » 943 W MAREE
— Celstemp. = S5°C, Pmpp = 884 W One with the Sun
1| — Cetstemp. =70'C, Pmpp=825W |
0 L L ) L]
0 s 10 15 20 3
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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.

Solar PV modules

Solar PV module
performance depends on:

DIRECT RADIATION ~,

-INCIDENCE

Solar radiation, albedo, o

shading, soiling
Incident Angle, tilt and

TILT ANGLE |

orientation :
Temperature effects o azmuH
Degradation e

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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Philippine Solar
Resource Map

k¥Whimziday
>70

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/m?/day with seasonal variations.

GLOBAL SOLAR ATLAS

GLOBAL WIND ATLAS | ENERGYDATAIND 1 1700122686877 X Map Sitesv PVstudy Download Aboutv Contact &R

n Passi
A% 7
.'é " 5\ s 11.11735°,122.646871° ~
= 2 J i Passi, lloile, Phippines
=t e ® Time zone: UTC+08, Asia/Manila [PST]
o o ©
wn [a} < @
= B nark Share F 1
2 Sexay !
oo . X, .
® 1 SITE INFO
Map data
B TR E e PP
) ﬁ\“, ‘ 9 " A 3824 4
A Legend ’ Dwrect normal irradiation DNI 3.456
0 Global horizontal Irrackation GHI 4.785 |
vffuse horizontal irradiation DIF 2364
Giobal titted irradiation ot
optimum angle Ciopks ot
Optimum tilt of PV modules OPTA 11/ 180
Ax temperature TEMP 26.4
’;-’" Terrain elevation ELE 64
})}1,
CHOOSE PV SYSTEM TO CALCULATE ENERGY YIELD
28 k. Y
Hm
¥ e ) WORLD BAMK CROUP 0 Terns of use
- pp— ESMAP (CEEIED
Global Solar Atlas - https://globalsolaratlas.info/map

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

Direct normal irradiation

150

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

Nov Dec

(kWh /m?2)

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

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.

45 123
235 280
250 301
9-10 267 298
10-11 259 292
1-12 264 314
12-13 269 299
12-14 284 an
14-15 265 301
15-16 243 262
16-17 187 ; : il 216 189
17-18 30 110 145 156 98 79 61 65 17 15 13 16
18-19
19-20
20-21
0n-22
22-23
2324
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 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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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

L5
5 = Wires and Connectors w

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.

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

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-

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

of Discharge (DOD)

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

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-lon batteries. Their technical
specifications include their Voltage rating, capacity in Ampere-Hour, Cycle life Based on Depth of
Discharge (DOD).
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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

DEEP cye,
RATTE.E GEL

12V 100y

These are photos of the batteries used in solar installations.

8000

7000 |
= 6000
..:Cv
Z
= 5000 |
&
=
2 4000 |
2
=]
:5‘
= 3000 |
"é 2200 cycles ®80% DOD
Z 2000 | i

Battery Warranty m— 500 cycles
e N---250 cycles
1000
r'\
o 1 |
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 LiPO4(red line), deep-cycle 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 LiPO,4 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

(blue line), and the AGM Lead acid

only lasts 8 months, while the LiPO4 battery can last 6 years.
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Solar Charge Controllers

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

=1
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

e « Maximum Power Point Tracking (MPPT)

Streetlight Charge controllers protects
the battery from over charging and

deep discharging. They also have lamp H”H
control to turn on at nigh and turn-off L
in the morning or after the =

programmed time.

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. 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.
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. 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=0§%5})“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 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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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 i 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

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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PV System with
Battery, Charge
Controller, AC loads

MPPT Charge
Controller

AC Loads (Appliances)

Size the inverter
according to the
capacity required by
the AC loads

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

the charge controller
as required by the
inverter

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.

PV System with

lond et | veskwars ooy iy
100 12 1200

Controller, AC loads
System Sizing:
Load demand
Daily Energy

Inverter voltage

Charge Controller

Storage Battery
Solar Array

Battery, Charge Lights 100

Water pump 970 2000 1
Fan 75 75 8
Total 2175

Load demand: 2175Watts
Daily energy required: 2770 Watt-hours

Inverter: Use 2400W pure sinewave inverter
Battery input: 24V
PV input: 1200W, 60VDC maximum

Battery Ah = (2770Wh x 3days)/(50% x 24V)
= 692.5AH 24V
Use: 200AH 12V battery, 2 series, 4 parallel

Solar Wp = (2770Wh)/ (3.8 x 0.8)
=911.18Wp
Use 450Wp, 2 modules in parallel

970
600
2770

2400W 24V

« 2400W Rated Power
+ 24V Battery Voitage
A AC 3
+ Max 60VDC PV Input
 Max 1200W PV Array Power

=

PV Specifications
Pmax (STC) [W]: 450
Voc - (STC) [V]: 49.3
Isc- (STC) [A]: 11.6
Vmpp (STC) [V]: 41.5
Impp- (STC) [A]: 10.85

Sample Stand-alone PV System design with defined loads
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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 200AH Battery 2in series

4 parallel strings
2 batteries in series

4 parallel strings

Resulting Stand-alone 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
l I

String Inverter

String Inverters

String Inverters with Optimizer/Rapid Shutdown
Devices

Optimizer/ Optimizer! Optimizer/ Optimizer!
v RSD RSO

Types of inverters used in Grid-tied 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 Inverters) in simplifying grid-tied solar installation vs string inverters.

Solar Array String

Inverter
=

Service Entrance = | ~]—™%

1 il

REC l o) Mw; Bi-directional
Meter - Meter
1]
= y
[ ~ Lockahle
’_ .
—1 switch
DC AC 1o g
Breaker Breaker |(& g
w/ SPD w/ SPD I _
Rapid Shut Down (RSD)

Electrical Load o] p——
Panel Board =

Single Phase Grid Tied PV System for Net Metering

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 Commercial/Industrial Grid Connections
138KV LL
8L '
u A ! ]
1H258VA 1225KWA TZHVA _\
T | | — v
ZE’ 3
>
t ca. 200m
oa. 25-40 Custonss
230V . 2300
2307 230V .
L2 b L1 M [ 12 A B CN
Q 5 % 5 g
230LL
115AN CH
Config A Configuration B Configuration C
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
-~V Ve
L-N L : L TNC system TNC-S system
i 230/400 V 230/400 V
o 3 R, —— L W L
Faant @ e 2
a2 gl T” 3 Fon : e o
PE
Three Phase = Tairet
m\‘f t’: = 230V Delta TNS system TT system IT system
3 o—y 230/400 V 230/400 V
\ N / S e 1 O e | p—tb
L 2 v 2 2
% \T<’ ¥ag I L I B
2 B & | B le N
e [
I [ Easgrrent | Equorron [Esvomnr }—
L3 Not Compatible
with PV Inverter
Use matching
transformer
Inverter Connections

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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wser gy oo ST

Solaredge Three-phase Inverters SMA Three-phase Inverter

The Phase Grid Tied PV Inverters

Typical three-phase inverters from Inverter manufacturers Solaredge and SMA

SES0K™ | SES5K SE82.8K Full Inverter
ouTPUT ] _ = rating with
Rated AC Power Cutput 500002 I 82800
Maximum AC Power Oulput 500007 | 82600 3/N/PE
AC Output Voltage — Line 1o Line / Line to Neutral (Narminal) (WYE with
AC Output Voltage — Line to Line Range / Line to Neutr S TR
s el M -437 /76~ Neutral)

76 l 20 A
Maxirnurr rent inection - ma
Wsility ion, Configurable Power Yes
Factor Country Configurable Thresholds i
SESOK® SES5K SE82.8K 60% Inverter
OUTPUT rating with
R Power | | 4B000 VA 30 . IPE
M | | 48000 VA ines /
A e to Line / 220/127: 230/ 133 Ve (Delta)
ACC Line to Line Hal’_:c. a
g [ i A Belgium,
i3 PE - Norway;,
' Taiwan &
Philippines
Three phase inverter derating with Delta grid

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.
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2.4 Session 4 - Solar PV Technology System Design

Solar

Photovoltaic :
Technology O Utl Ine

Electrical Load Analysis

Philippine Distribution Code on VRE

Outline for the Solar PV Technology System Design session

Why install Solar PV Rooftop?

Save on electr
Reduce GHG emissions
Save the environment
Address Climate Change
Good investment

e

To design a PV system, the motivation for the solar rooftop installation has to be defined to be the basis

for the design criteria
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Load Analysis
Sample Load Profile Calculation Volt-Amperes | Peak VA | Hours/day | Wh/day
Define load demand of each i
B e
Water 1 9
Define time of use of each ol
appliance/device Fan 75 75 8 600
Add all demand for every hour Total 2175 2770
|Lozd Profile vz Solar Generation| Load Profile

= A ‘ P

: -

R R N P ” 0

gt I FFLE e ) o

Rl o & &

gr=s Timeof Dey v.w

gefﬁ'ga

The appliances on a typical hour can be listed to calculate the electrical demand and energy based on the
operating hours of the appliances. The total demand and energy requirement of a house can then be
calculated. The time when these appliances are used can be compared the available power from the solar
installation that is dependent on sunlight.

Average monthly
Consumption (kWh)

o fl e
(W ‘} e

(0

i.
g3

gef

-

Your electric alit —

30 BT e W DO 3 e 260
3o
34 Owe 109t am
e 2803

»
[T

P5,538 s

3¢ Liomans Someay

Load Analysis

Electric Bill
Monthly Data
Bill in Pesos

FALAD e o

oy e e g pos P

i

Your mostly consumption apoe

N dULad

———= T

kWh Consumption

Components:
Generation
Transmission
System Loss
Distribution (DU/EC)
Subsidies
Government Taxes
Universal Charge

FIT-All (Renewables)

The electricity consumption can also be determined using the monthly electric bill from the utility.
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Basic PV System Example:
Sizing

Using the average

monthly energy 541kWh month

Monthly consumption = 541kWh

consumption from the Daily kWh = onth * 30 days =18.06 kWh per day
electric bill

To adopt the example computation by a distribution utility in Net-metering
Solar PV Capacity Factor: 16%

average daily AWA reguiremenr
Szr of the PV system ————— —
24 Ars » cupacity [acter

e of the PV system = D00 KW
‘ JAtveam - A84 kW

SRR s E
a by = 3 ~
gef [ 3 ' E

(=10

A simple way of estimating the solar PV capacity needed to meet the energy requirement of the load can

be calculated using these formulas.
READING mm

18129.40 17821.70 £4517.00
Load Analysis DEMAND READING 210 W USED
Y 061 0.00 129.09

Using Electric Bill with Demand
Charge Menthly Energy Consumption: 62167KWh
Peak Monthly Demand: 129 09kW

Corvert monthly consumption to daily consumption by dividing 30 days
per month:
Daily consumption = 64, 167kWh = 30days = 2,138 .9k\Wh

Spedfic photovoltaic power output: 3.936 kWh/kKWp per day
Solar PV Capacity = 2,138 9kWh < 3.936 kWh/kWp per day = 543kWp
Warning: At 20% system loss, the AC output of the system is

KW, = 543kWp x (1-20%) = 434 4kW
Inverter output at 434.4kW is greater than 129.09kW peak demand
Chedk if electrical system can accommodate 434kW or

use 129 09kW as the maximum inverter output

Care should be taken when using the simple formula for solar PV capacity calculation because the resulting
solar capacity could be greater than the peak demand of the facility and exceeds the electric system limits
and the capacity of the distribution transformer.
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e -......_n.ud“““hlhl!n -..,...l.l.um““ul|.|.l!..

Load profiles

Commatical Load Profie v PV Gerenstion (1005 woud Profile va P Generation |52

Peak Demand

Solar PV Peak Generation ”““
Solar PV | | Wiy =l
=t - IIIIIIU' lllllll I.I'III'II.I. I-II |.'-|.

Energy/Consumption ESaNEERNNERINADE

Indentriad Lead Profils vi SV Generatian (300%) ndustrial Load Profile ve IV Geowention | 1%

IIIIIIlI””]“hlIIIIII “IHIIIlI.iIIIIIILllllllII

TIRrRAREANRERS SS9 RANSSERESEERERREEE

Different load profiles will have different peak demand that does not already match the peak solar
generation. To avoid export of excess generation, the peak generation of the solar should not exceed the
peak demand of the load. This limitation results to a lower reduction of consumption displaced by the
solar generation.

Phl : TABLE 4-1 CLASSIFICATION OF EMBEDDED GENERATING PLANTS
ilippine
Distribution Code Of ‘ulegory Installed Capacity and Churacteristics
Large Conventional Conventional Embedded Geuerating Plant with an
2017 aggregated Installed Capacity of 10 MW or mwore,
= 5 3 Large VRE VRE Embedded Generating Plant with an aggregnted
Classification of Variable 7 Installed Capacity of 10 MW or more
Renewable Energy Medium Conventional or VRE Embedded Generating Plants with
di S Installed Capacaty lagger than 1 MW which do not qualify
accoraing to Capacaty as Large Embedded Generating Plant,
[ntermediate Conventional or VRE Embedded Generatmg Plants with

Tustalled Capacity larger tan 100 KW and equal 1o or less
than 1 MW: and

Conventional Embedded Generanng Plants with Installed
Capacity lower or equal to 100 kW connected to MV
netorks

Smnll Embedded Generatg Plant wath Installed Capacity larger
than 10 kW and equal 1o or less than 100 kW connected to
LV networks.
Miao Embedded Gener ating Plants with Installed Capaciry
lower or equal to 10 kW connected to LV networks.

gef

The Philippine Distribution Code of 2017 classifies 10kW to 100kW solar installation as Small while 10kW
and smaller installation as Micro.
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Philippine
< = . 4.3.3.10 For Small Embedded Generatng Units as defined i Section 4.4.1.
D|Str|bUtlon COde Of the following rules shall apply 1o the requested connection:
2017 (a) In cases of connection to an existing LV feeder with other Customers
connected. the total installed capacity of the Small Embedded
Limitations of Small Generating Unit requesting connection plus the aggregated capacity of

all other Embedded Generating Units regardless of their type and
connected to the feeder, shall not exceed 30% of the rated capacity of

Embedded Generating

Units the LV feeder.

(b) The total Installed Capacity of the Small Embedded Generating Unit
requesting  conniection plus the aggregated capacity of all othex

...shall not exceed 30% of Embedded Generating Units regardless of their type and comected to

the rated capacity of the

the busbar of the MV/LV substation, shall not exceed one third of the
5 rated capacity of the MV/LV Transfornmer,

LV feeder or one third of (¢) The maxunum Voltage changes at the Connection Pomt due to the
the rated capacity of the switching operation of the Small Embedded Generatmng Unuts shall not

MV/LV Transformer exceed 2% of the nomimal Voltage,

MV — Medium Voltage
LV —Low Voltage

The Philippine Distribution Code of 2017 also sets a limit to embedded generating units regardless of their
type not to exceed one third of the rated capacity of the Medium/Low voltage distribution transformer.

Philippine
Distribution Code of
2017

Limitations of Small
Embedded Generating Sacvte Penwtration Lima

Units EG1: 5kWp
"

16 2: 10kwp

€0 315 kwp

Impacts of Embedded Generator to the Distribution System

DT Rating: 100 kVA

N
-

DT - Distribution Transformer Source: Engr. Vic Victorino

Shall not exceed 30% of

the rated capacity of the
LV feeder or one third of
the rated capacity of the
MV/LV Transformer

& e

The limitation set by the Philippine Distribution Code of 2017 is illustrated in this slide
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Solar PV System Design

* Select System Capacity

* Select Inverter
* Check output: phase, grid form, Voltage, frequency, compliance to PDC
* Check PV input: PV capacity, V max, V min, V operating range
* Select Solar PV modules
* Check: V oc at Tmin, V mpp, Isc
* Check: Physical dimension

*» Select Rapid Shut-down Device
* Check modules per RSD, triggering device/ transmitter

5w

These are the steps in designing a solar PV system

-
gef. [OL

(1

Select Inverter X1-BOOST
SINGLE-PHASE i3 s 4N i
Nl 04 niHel NN
Select System Capacity SkW P ____
Select Inverter: Solax XT-5.0-T-DiL)
Single phase S
Nominal AC voltage: 220/230/240 v
Frequency: 50/60 Hz +/- 5% T = e

IEC62109-1/-2 compliance

PVinput: 2 strings

PV input: 100V-360V-600V SoLAX

PV | max: 14A/14A

PV array input power (Wp) 7500 .
) =

& ® [ -5

The grid-tied inverter is a crucial device in the PV system that can be selected first to ensure that it is

compatible to the grid where it will be connected. The rest of the solar components will be designed
around the inverter.
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Select Solar PV modules

* Back Sheet Module 500W
* Voc (V) =51.7
*Isc(A)=12.13

* Ve (V) = 42.8

* lyyep (A) = 11.69

* Module dimension 2176 x 1098
x 35 mm W——

Mo e o

‘g'@ o w [

The solar PV module can be selected, and its data sheet should be checked to design the solar array on
the number of modules in series per string and the number of strings in parallel per inverter input.

PV String Design

sk EEEERE K o
Inverter PV input requirement —Jdddddd4—

= V input: 100V-360V-600V
* Modules in series = 360V + 42.8V = 8.4 use 8 modules/string
* Max string voltage = 8 x 51.7V = 413.6V (0K — below V max 600V)
* Max Current per string = 11.69 {OK — below | max 14A)
* Power per string = 8 x 500Wp = 4000Wp
* Total power = 2 strings x 4000Wp = 8000Wp (exceeds 7500W limit)
* Use 7 modules per string, Ve = 7 % 51.7W = 361.9V (OK — below V max 600V)

* Power per string =7 x 500Wp = 3500Wp
+ Total PV Power = 2 string % 3500Wp/string = 7000Wp (OK — below V max 7500Wp)

* PV Array configuration: 2 strings x 7 (500Wp) modules in series = 14 modules

& A e

For the selected invert and solar module, the voltage input of the inverter with a minimum of 100V, an
operating voltage of 360V, and a maximum of 600V will require connecting 8 solar modules in series as a
string. To meet the capacity requirement of 3500Wp per inverter input, two strings can be connected in
parallel for each input of the inverter but only 7 modules per string is used. With two inputs, the total
rated capacity of the PV system is 7kWp.
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PV System Protection

Circuit Breaker Ratings . S e ¢
Bt li .l ik
» DC Breakers e ==
* PVmodule Isc (A) = 12.13 75 - i
* CBrating=12.13x1.25=15.16 (use 16A) “ s } -J“
.6 . FORC

» AC Breaker
* Inverter Maximum current (A) = 23.9
* CBrating =23.9x1.25=29.875 (use 30A)

» Surge Protective Device
* DC 2P 600V 40kA
* AC 2P 380V 60kA

CHEe®

Protective devices are used in the PV system for overcurrent protection and over voltage both on the DC
and AC side using Circuit Breakers and Surge Protective Devices, respectively.

Solar PV Mounting Structures

Metal Sheet Roof

Ballasted roof mounted solar array inllatin with
wind breakers for flat roofs without penetration

Solar modules are mounted on the roof using racking systems. A suitable racking system can be used
depending on the type of roof. This can be a metal sheet roof or a flat roof.
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Solar PV Mounting Structures

- -
v
Splice Kit
> >
s 7806mm (w/ 20mm gap)
., 1098mM e 3 milings per sub array: —-—-' ~- L-FOOT
35mm 12 x 4200mm railings
6 x splidng kits
36 x L-Foot 35mm End
12 x 35mm End Clamps 4 Clamp
36 x 35mm Mid Clamps

?\ 35mm Mid
& B : ) Clamp
gef ‘ ga y

For inclined metal roofs, these are the mounting hardware that are used to securely mount the solar
module from the roof substructure. Three railings instead of two can be used to hold large solar modules
in areas exposed to strong winds.

Service Entrance ﬁ

REC f Bi- d rectional
Meter o Aeter
AC |4
Bresker -
w/ SPD

. Lockable
' switch

!

Electrical Load PE i
Panel Board

& ® B single Phase Grid Tied PV System without RSD

This is a typical single-inverter grid-tied PV system before the rapid shut down (RSD) switch was required.



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

PEC 2017 — 6.90.2.6 Rapid Shutdown

PV system circuits installed on or
in buildings shall include a rapid Hazards of Rooftop SolarPV ‘o
shutdown function to reduce i b
shock hazard for emergency
responders in accordance to with
PEC 6.90.2.6(A) through (D)
A. Controlled Conductors
B. Controlled Limits
1) Outside the Array Boundary
2) Inside the Array Boundary
C. Initiation Device

D. Equipment Conductors ... shall be limited to not more than 30
volts within 30 seconds of rapid shutdown initiation.

&L Voltage shall be measured between any two

: ‘ Eﬂ conductors and between any conductor and ground.

B3
gef e

ol

The Philippine Electrical Code of 2017 Article 6.90.2.6 required the use of Rapid Shut Down switch to
protect first responders when putting off the fire on the roof with solar arrays. The RSD should disconnect
the solar modules so the no voltage between any conductors exceeds 30 volts within 30 seconds.

String e r
Solar Array String inverte

Bi-directional
Meter

Service Entrance ,ﬁ

Rapid Shutdown Devices

DC
Breakers
w/ SPD

Lockable
switch

oo no -t oo

SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN

—e

Rapid Shutd;wn Devices

Rapid Shutdown Transmitter Electrical Load
Panel Board

= ® Single Phase Grid Tied PV System with RSD

An RSD system is added to the PV installation to comply with the PEC 2017 safety requirement.
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PEC 2017 — 6.90.2.6 Compliant

Ll

woo Mo woo

Ll Vreemer Inwrrier Froerier
i

11 1] &
1 1 I

AC modules or Micro Inverters

= Tmb YW me

Optimizers with RSD function PV System not located on or in buildings

& [ e

There are exemptions to the RSD requirements as allowed by the PEC 2017 for solar arrays that are ground
mounted and not installed in buildings. Using micro inverter and optimizer with RSD function are also
allowed by the PEC 2017.

Commercial Solar PV Design Software

https://www.solaredge.com/

solar, AT

- 52
CREeP

There are commercial solar design software applications are freely available on the web for designers to
use.
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Commercial Solar PV Design Software

https://monitoringpublic.solaredge.com/mfe/registration/?locale=en_US

sobr T5T

- 52

The Solaredge design software can be used by going to its website and register as a user

Solar PV Design
Software

Starting a new Project
Basic
Commercial

R

esidential

S
@
D

CRE

1 AROECT INTD

st e

The design software will require the needed inputs regarding the facility for the solar installation
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SOI a r PV DeS ig n _’“‘:“’:4’ j".‘.‘""“’ 2 ELECTRICAL DESIGN

Software S R N e
Starting a new Project : _ ' '"’ - |
= Basic : -
O Commercial -

Q Residential " o 7 X

®
gef. Fit

The software will guide the designer to select possible options on the design

solar 56 | DESIGNER REPORT | Pag=1ofd

SAMPLE SOLAR DESIGN

loflo Oy, Phisppines | Juan Defa Cnz | May 11, 2022
SYSTEM OVERVIEW g 14 PV modules D 1 lervertecs E 14 Optimizers
SIMULATION RESULTS
Inatalied OC Power Max Achloved AC Power  Annual Energy Froduction CO2 Emission Saved Equivalent Trees Planted
7.00 wwp 5.00 kw 10.92 mom 4.28+ 197

c e e

The result is presented with the solar capacity installed, the energy produced annually with equivalent
CO2 emissions avoided and trees planted
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More results can be presented by the software such as system production, own consumption, import from
the grid and possible export to the grid. Monthly generation, consumption, and savings can also be
displayed in graphical form or in table form to be exported for financial calculations.
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The software can also show other technical parameters such as the bill of materials, the technical
specifications of the components, and the loss diagram for the projection of net generation.
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Technical Drawings

150kWp GRID-TIED SOLAR
POWER PROJECT

ADCAEZZ: LoLo iy

Drawmg Index Electncal System Legend General Notes,
Location Map

A Sample Technical Drawing for submission to the DU and the OBO for permitting and approval shows the
following electrical system general notes and location map

Technical Drawings

190 790 300 poe 08 0w rw'«x«mmmmwm
ot don ow jet dem e )emm

rrrr'r‘{' r'( rF {8 b ] T P

A A A B

" PR B pew s

GENERAL PV MODULE LAYOUT — " DC SINGLE LINE DIAGRAM, AC SINGLE LINE DIAGRAM

R .

The technical drawing shows the PB module lay-out on the roof and the single line diagram of the of the
solar installation signed and sealed by a Professional Electrical Engineer (PEE)
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Technical Drawings

TR
A‘\.L& E»WAJIEL“P

EQUIPMENT SCHEDULE

| Sk CLambmxr TGRY .
(SRS Y . .Ee %EMH_.L@'W._

The technical drawings also show the tapping points for the electrical connection of the solar installation
and the equipment schedule.

Technical Drawings

° s *
> = e &
S = i -
T 2 O i:’,j'j’ﬂ*zél- 58 G 4
B =S i | Gig | [
'&‘k"i' = Q{1 . ) M—:— »m’ I ! e
T 8 8B 8 88 T SR N
‘ S I ) e e e =
: ] : t, = {4 - ’
=3 = ":V'.": Q.. =4 k= Y _":' ~B _v""
Ieieien; =57 S - S | | H'Ea_-».g ""&1
STRING CONNECTION PLAN DC/AC CONNEC“ON PLAN

=3

Zie \
CHRE e

The technical drawings show the string connection plan for the solar modules and their respective
inverters, and the connection plan for the DC and AC side of the installation.
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Technical Drawings
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INVERTER STATION PLAN STRUCTURAL NOTES

The technical drawings include the structural notes for the physical installation of the PV system.

Technical Drawings
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PV MOUNTING SYSTEM PLAN o MOUNTING DETAILS

Details of the mounting of PV modules, the inverters, and other electrical equipment are presented in the
technical drawings.
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2.5 Session 5 - Solar PV Project Management

This session provides the trainees inputs in managing a solar projects and guidelines in solar installations.

Solar
Photovoltaic
Technology

Outline

Project Management

Solar Project Installation

Session outline on Project Management and Solar Project Installation

Project Management

* Application of methods, techniques, frameworks, processes
to facilitate the efficient planning, organization, mobilization
and optimization in the allocation of resources (personnel,
financial, technology, and other intellectual property) to
accomplish a specific set of tasks or activities — a project,
within specific requirements/constraints and time frame.

Project Management defined
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Need for Project Management

Projects such as rooftop solar PV systems need management
for the following:

* Ensure that the project remains on time and on budget;
+ Efficiently manage allocation and utilization of resources;
* Monitor the progress of project implementation; and

* Evaluate the conduct of the project peniodically, in terms of
compliance to set benchmarks, milestones, and overall
project targets.

cHE e .

The need to manage a solar project

Project Management Process
* Planning: Most critical process and gets the least amount of time;
» Organizing: Structuring (Contingent/Prerequisites);
* Monitor and Contrel: Critical in order to use limited resources wisely;

* Measurement: To determine if project accomplished the set objectives
and/or met the target.

cHE e .

Project Management Process
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1 reourcT concermon

+ Duta Collection

23 PROKCT PLANNING
DEFINMION:
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mmm PROJECT MANAGEVENT

2D eaaicct scanmmc
AEFINEVENT

Project Management Cycle

STEP No. 1: Project Conceptlon

FRE-FPROJECT

Purpose: Data collection and Opportunity Assessment
Tasks:
1. Identify and conduct a preliminary inspection of the potential project site;
2. Determine the energy load/demand using past electric bills (Minimum: 1 Year);
3. Confirm renewable energy resource availability;
4. Collect and review electric cost data, regulations, interconnection reguirements
specific for the project, and preliminary scope of work;

5. Make a preliminary estimate of the savings resulting from the renewable energy
project; and

6. Assemble a project management team that can conceptualize, facilitate, and
champion the development of the project.

SRE P 1

Project Conception
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STEP NO. 1: PROJECT CONCEPTION
Energy Demand/Consumption

kWh Consumed

Total Peso Amount

Monthly Consumption

Average Monthly
Consumption, PHP per
day

Other Data:
Peak Demand (kW)
Guaranteed Minim Billing Demand (GMBD)

- GE
FRE e

Establish the baseline energy consumption and expenses using the electric bill

STEP NO. 1: PROJECT CONCEPTION

Structural Plan

R
N7 |
s ,(:/ '_’/' .’,’ ] %
P | S

TAMICTION COF P S Y0 P | ." ‘:
=1 0 —— h o el

R P

ey I

Validate the structural plans if the roof can accommodate the solar panels and define the area available
for solar panel installation with considerations to shading and future expansion plans.
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STEP NO. 1: PROJECT CONCEPTION
Sample Data: Electrical Plan

LOAD SCHEOLLE
—

e

Electrical Panel
& o %o WISV C O}
et ] > ~
~ gef -";fn ' = 10
2 5

Study the electrical connections, load schedules, and diagrams to determine the capacities and limits of
the solar installation.

STEP NO. 1: PROJECT CONCEPTION
Electrical Plan

4 -
R |
-1 an?
s 30
Lam ) ‘czed
feee {7
e "f:‘.'":.:, 3. i :
s b
ERUT TR
Y= W | @ —=m— [ =~ i
Electrical Plan (Single-Line Diagram and Riser Diagram) Distribution Transformer Capacity

11

Check the service connections to comply with the electrical standards defined in the Philippine
Distribution Code and other requirements that the DU may impose.
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STEP NO. 1: PROJECT CONCEPTION
Preliminary estimate of the savings
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Using the solar design software, make the initial estimates for the system capacity and simulate the
system to calculate the potential savings of the solar project

STEP No. 2a: Project Planning —
Defining project parameters

PRE-PROJECT DEVELCRMENT CONITRUCTICN + OPERATION

IMFLEMENTATICON POETPROJECT

Purpose: Determine cwnership and business structure, roles of stakeholders, and
permitting/regulatory compliance considerations, pre-feasibility, content, and
complexities involved in the completing the project.

Tasks:

1. Determine ownership and business structure. ldentify possible project partners and
stakeholders. Understand the role(s) of stakeholders and the risks associated with each

possible option;

2. ldentify permitting and regulatory compliance needs and site use considerations;

3. ldentify interconnection rules and net metering options with the local utility;

4. Based on available renewable energy rescurce and energy load/demand from the
preceding step, select appropriate technology for project; and

5. Perform pre-feasibility studies (techno-economic due diligence) incorporating cost and
fimancing options to gauge the viability of further developing the project.

®

Setting up the Project Management and Implementation Structure
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STEP No. 2a: Project Planning —
Defining project parameters

TR R o) CONSTRUCTION +
L5 ¥ ook IMPLEMENTATION o T
(8) ' | 5 '
5 G $

Purpose: Determine ownership and business structure, roles of stakeholders, and
pemitting/regulatory compliance considerations, pre-feasibility, content, and
complexities involved in the completing the project.

L)

OQutputs:

. Business structure. Short-listed potential partners, stakeholders, and their comesponding roles;
. Draft agreements (MOUs with potential partners and stakeholders);

. Pre-feasibility studies (techno-economic due diligence);

. Based on pre-feasibility studies, rate and prioritize best options for business structure;

. Understand the permitting needs and processes; and

[ I S S R

. Understand interconnection and net-metering options.

cREeF

1 ntl'

Outputs of the Project Planning stage

Solar Project Risks and Mitigations

Technical Low technical knowledge Train technical team/ Hire technical consultant
Poor System Design Validate design, link system output to payment
Poor System performance Allocate for O&M, performance guarantee, output-
based payment
Financial/Economic High capital/contract cost Conduct competitive selection process (bidding)
Limited fund for capital Seek grants, financing partner, apply for a loan,
output-based contracts

Solar project risk identification and mitigating measures
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Ownership and Business Structure

Fund Source Dionor Ciounterpart Fund
Project OwnenLGLU
Froject Agresment
Solar Project
EFC Comtrud [ Ciltigarca Susply Comted Ll Wigteri-gg (317} [reTa
Agreamri Agresmiest
| oo | | | | e || e || e | | o

& B

Self Financed Solar Project

'

Policy

Sample Solar project Ownership and Business Structure for a Self-financed project

Ownership and Business Structure

| r————=—"—7— 1
| Fund Source | Doner | EQUITY
el e I
Project OwmerLGU Guarantess/
’7 Froject Agresmant Collateral 2R
Losn Sgreamered
Project
EFC Costrast Lue Dl gance Supoly Conrect at (a3t ] e ooy
Mrae g Agremment
Agmrad
| o | | | [ mm || o= || o | [mmm

& R

Solar Project with Term Loan/Lease

'

Sample Solar project Ownership and Business Structure for a project with a Loan or Lease Agreement
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Ownership and Business Structure

Lender/investor
USRI N grismniat Guarantees)
Caollateral
LG Chent ; ;
Solar Service Provider
temt Sole Sewecn Ageerrand
Mraing
Aot
ouEc Project
Cue Diligance By Gonimc EPL Contruct O I rmmrwrc Policy
=i EENE I

Salar Project with Solar Service Provider

Sample Solar project Ownership and Business Structure for a project with a Third-Party Solar Provider

STEP No. 2b : Project Planning — Refining and
Finalizing project Framework

CONBTRUCTION +
FRE-PROJECT DEVELOPMENT OPERA POATFROJ
IMFLEMENTATION 5T ECT

Camon3n: 3l$-£-¢

Purpose: Validate decisions, finalize project implementation framework, and develop baseline project
plan.
Tasks:
1. Finalize project scope and size;
2. Finalize business structure, pariners, and organization of project team;

3. Finalize permitting and regulatory compliance, including environmental reviews, local permits, net
metering, and interconnection;

4. Finalize full feasihility studies covering technology, financing, business structure, and development
costs;

5. Develop and finalize tasks, activities, implementation framework (Logical Framework Approach),
KFPls, project schedules (Gantt Chart, CPM); and

6. Identify and evaluate project risks and mitigating measures.

Refining and finalizing the project framework
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STEP No. 2b : Project Planning — Refining and
Finalizing project Framework

CONSTRUCTION +
IMFLEMENTATION

FREFROJECT DEVELOPFHENT

D\ﬂé D

Purpose: Validate decisions, finalize project implementation framework, and develop baseline project
plan.

Outputs:

Proposed financing/commitments and business structure;

Baseline project timeline, benchmarks, and KPIs.

Draft documents for parinership (e.q., PPP) registration, approvals, and others;
Detailed techno-economicfinancial models for capital budgeting purposes;

Draft EPC Contractor Request for Quotations, Terms of Reference/Scope of Work, Agreements, and
Bidding Procedures in accordance with the Philippine Procurement Law (RLA. 9184)

Draft applications for environmental and local building permits; and

7. Draft applications for net-metering and interconnection agreements with local distribution utility
(ERC Cerificate of Compliance, Met-Metering Agreement, Zero Export, and others).

CRE T

POETPROJECT

e

=

Outputs for the refined and finalized project framework
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Sample Gantt Chart for the project implementation
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Financial Analysis for self-financed project

76



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

|t i
gy Farg i
Lo AT EE LR TIEE)
e R Tim
Terar Vsl A
EEH TR
R A a
= | T PN e [ e e | o[ R | e | e e | | | | ettt
- TR Ll T el Eea B Bt Bt ] e - B Ll e
B E E . . E TR (R Y L
i SR TS sk 18 ot RELCT TP FT T T T T Y SEBAR P
) e TR - i im L wem RE F0 Y E-% L] 10000 R 3R T Sl T e T I AT
3 s [REFETEY T M o LT RECTETE Y TENSE BRI D (Por e FrET IO T
4 Al tin i T . T im T ol RE - LR EL T CF 000 i AT S D (PO e taiee RS T
& Mg e i A Tt e RETETETY F T T T R T T FiFSAE  @ndiiEn
L] i LT =301 1 FRL EOLT RF -3 E e T 1,00 20 W BTEA (P ELE L) T TR
T RS it AP i 1 LS 1,25 S F2-0 K T SR T TR BT E T U ETT SR T T
[] 4 Felds i -t} is FELE R o i FF T AR MRS (PO b anEas
B R T a0 g LIM L RET ST FTT T VTS R T T R R
L] i 0 R Y 2 iw FEL-E L1 1, 3 Ml E LT TR S ST i 1 S
ELIN T T 0 5 B 14 FE Rt ] 1, i IR IAERAWE T - RUT T TR ST
L] WA T i EE R - 1 im a0 T T 81 S Sea 3w TSR 0 e i E LEEEC B L e
W iR 1 ErY im TAmMAT A A FER T T T S E T T - IR 4
L1l A 108 e 30 A i At Taas 1, 400 i [ FiiE L E TR R T E RUTTE 3 RS T
-t T T BN i i e 13 1 A TSR A S E SN T e
" i - 08 - A -E a= e g -t ] 1481 M EEAR % O R Y T T AR E N o] 1 AT A
LU T 1Y 6 AT T dw 560 il 1 1 e =BT T TR R E SR A TS
W Tl S i 1 Ly Fe P K RE- -5 Eu ol [T EE R R e B - A @S TR
W HEE i A ] R TRt 1 ke T BT T T R P T R E R apeidadsn
E ] R B He Rl T s a5 e - T A S fL T 0 T O E FL TP STl S E
i i am A 1450 A AEAE GRS e - P T
-] Lol am Fa. B E ] RE L i A EE - Safa s E R DA
£ M i P P 140 S MM aEETrE RS0 E PO e
M EE ] iw iEEE 1R R el i e B iR - RO AEnERR
E-] T s A riasA 1 e S AT R A E - R N
[, . 1 1 1
‘g e . Eﬁ Sample Life-Cycle Analysis with Loan payment

Financial Analysis for projects with a Loan

1. Apply and obtain the construction/renovation/building permit and ancillary permits at the Office of the Building
Official (OBO). Specific ancillary permits for reoftop solar PV systems, may include civil/structural permit and
elecfrical permit.

The applicant must submit the following requirements:

a. Certified true copy of Original Certificate of Title (OCT)TCT on file with the Registry of Deeds;

b. Photocopy of tax declaration;

c. Construction/renovation/building permit application form;

d. Five (5) sets of survey plans, design plans, specifications and other related documents (specifically
civilfstructural documents and electrical documents); and

e. Locational clearance from the MPDOVCPDO.

After the construction/rencvation permit application has been approved, the OB O makes an assessment and

issues an order of payment to pay at the City Treasurers Office (CTO). Present the official receipt to the

Receiving/Releasing Section of the OBO for issuance of the permit.

2. After the completion of installation, apply for the Certificate of Final Electrical Inspection (CFEI)} at the OBO.
The CFEI cerifies that a final inspection of the electrical installation has been conducted and that such
installation has been completed in accordance with the approved plans and specifications on file with the
2BO and the provisions of the Philippine Electrical Code.

E B¢ Pemitting: Construction/renovation/ CFEI

Solar Project Permitting Requirements
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lident Moation dooumants
Lefer of imtent
FResidendal Customers - ID and Proof of Valld Cooupsncy
Business Customers - Secretany's Certificats:

Plani Faramedens Foom (PPF) Sarure form from DU, Please sk your solar installer 5o 0 cut.
CeritNoation of RE Faollty Equipment From RE Instaler
Distribution impast Fhedy and Distribution Assed 3udy Conduried by the DLEC
Updaied Electrioal Plan, duly cigned and cealed by the
Profeccional Elsatrioal Enginser (FEE) Earure from PEE
Carifoation of Final Elsatrioal incpeotion {CFED Sarune from LGU
. e 1 18 —— &l:ln"l;mfml;tm.ﬁlml.m e
Fixsd Accat Eoundary Document [FABD) Secure form from DU FH cut and sign.
Coritfloats of Compllanos [COC]
Form 1 - Appiles 1o indhviduals
Form 2 - Appiles io non-individuais [Corporations, Secure ERC form from Memaico. Pl out and pay fess.
and otherz)
PHP 1,500.00 COC Appiication fee paid to ERC
e Sapure form from DU,
Form for of RE Faolity FIll ock and sign.

- B2 Net Metering/Interconnection with DU/EC

Interconnection requirements of the DU for Net Metering connection

Request for Proposals/Cuctation for EPC Contractor andfor Equipment Suppliers

1. Draft and approve Request for Proposals/Quetations
a. Objectives and Project Description
b. Terms of Reference
Scope of Work
Technical and Operational Requirements (Compliance to codes and standards,
Component specifications, and others)
Design Guidelines (Roof size, Energy requirements, Potential connection points,
System performance benchmarks, and others)
c. [Ewaluation Criteria (Technical and Financial)
Publish Request for Proposals/Quotations
3. Administer the Request for ProposalsiQuotations
a. Conduct procurement’pre-tender meeting(s) to clarify procurement process
4. Ewaluate proposals and quotations using the published evaluation criteria
5. Award Contract

il
gef B

. E’a Request for Proposals/Quotation

Project Procurement with request for proposal/quotation from qualified EPC Contractors
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Scope of Work (sample)

1. Project Preparation
a. Survey and discussion with Client to validate energy consumpiion
b. Assessment of technical, operational, and economic related issues
c. Check for the possibdity of using energy efficiency schemes to further reduce consumption
d. Proposal submission, including recommended size, technical implementation. expected energy
production, and project financials and economics
&. Fine tune proposal in cooperation with Chent
f. Contract negotiations, incleding financing armangements
2. Project Implementation
a. Detailed engineering design
b. Preparation for construction works (Permitting and regulatory compliance requirements)
c.  Procurement and supply of solar PV modubes and other components
d. System integration
e. Performance tests, commissioning, and fum-ower
3. Support and Maintenance
a. Dperaticn and maintenance training for Chent
b. Operaticns, maintenance, and management contract

J-F'
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& ¥ Scope of Work

Sample Scope of Work for a solar project

STEP No. 2b : Project Planning — Refining and
Finalizing project Framewaork

CONITRUCTION +

FREFPRCOJECT

Motes on Project Planning

1. Developing a great project plan will minimize risks and uncerainties associated
with the technology, business structure, budaget, financing, timing, potential
energy production, and revenue stream of the project;

2. Engage with stakeholders eary in the process, particulary in ensuring end-user
acceptance, sounding out of potential partners and investors, and
interconnection with Distribution Utilities/Electric Cooperatives;

3. Set measurable and realistic ime frames and corresponding milestones; and

4. Expect the planning process to be iterative and dynamic through each phase of
project development.

Ly
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Preparations for the solar project implementation
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STEP No. 3: Project Implementation

CONSTRUGTICHN +

FREFROJECT

Purpose: Finalize selection and engagement of EPC Contractor, procurement, installation, commissioning,
and operation of the project
Tasks:
1. Finalize pre-construction activities and contractual agreements (EPC and O+M Confracts);
i. Detailed engineering design and computations (structural'civil, electrical, mechanical, and
simulated energy production);
ii. Site Plan and Equipment Layouts (PV module layout, protective devices, inverters, and others);
iii. Access Plan;
iw. Wirng Diagrams (Cable routing, Wiring detail, and octhers);
v. Construction and Installation Methed Statements;
vi. Health Safety & Environment Plan (Fall Protection Plan, Emergency Response Plan, and others);
viL Technical Specifications and Technical Manuals for each system component installed;
viil. Commissioning and Testing Plan; and
ix. Quality Management.

58
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Checklist for Pre-construction of the solar installation

STEP No. 3: Project Implementation

CONSTRUCTION +
IMPLEMENTATION

PRE-PROJECT DEVELOPMENT | POST-PROJECT

°. I

Purpose: Finalize selection and engagement of EPC Contractor, procurement, and the installation,
commissioning, and operation of the project

Tasks:
2. Approve engineering designs, supply, and delivery of necessary equipment;
Finalize the issuance of construction/renovation/ building permits;
Start construction and equipment installation, including the functionality testing of system components;
Interconnect to the gnid; and
Commissioning and acceptance leading to project operation.

@0 hw

Output: Completed Operational project

®

Approval of technical design and permitting
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STEP NO. 3: PROJECT IMPLEMENTATION
General Installation Procedures

O Q

accepted HSE policies.

®

A
(WL
=

o

Flan Implement Check

a. Prepare appropriate a. Handle equipment with . Make sure all
installation tools; industry standard equipment installed

b. Engage skilled human practices; comectly through visual
resources for system; b. Enzure workmanship mspection and
installation and testing and day-to-day hurnan component functionality

c. Prepare and finalize TESOUNTES checks:
electrical, structural, management; = Check polanty and
and mechanical design c. Manage project wiring of DC
plans; implementation components; and

d. Procurement timing; timeline; and = Check input and

. Read component d. Enforce HSE policy. output per sub
installation manuals system blocks.
carefully; and b. Ensure full

f. Prepare safety documentation of test
equipment and ensure and inspection results.
conformity with

D

Oiperate

a. Run system;

b. Observe and monitor;

c. Tweak system
performance; and

d. Emgage O+M
provider.

Solar Project Installation Procedures

STEP MO. 3: PROJECT IMPLEMENTATION

the Difference?

provided by the manufacturer.

L
(L)
| P

‘ E“] MTESRATION

gef

Functionality Testing and Commissioning: What's

EE]

Functionality Testing: The action of checking that a component operates or
performs in accordance to the acceptable range of values contained in
the technical specifications and recommended installation instructions

Commissioning: Formalized mechanism for quality control. The systematic
and iterative process of monitoring, visual inspection, integrated
functionality testing, performance evaluation and verification,
adjustment, and overall optimization of deployediinstalled equipment,
systems, or facilities to ensure efficient, safe, and reliable operation.

Solar Project Functionality Test and Commissioning
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STEP NO. 3: PROJECT IMPLEMENTATION
Typical Functionality Testing and Commissioning

Process
w Develop functionality testing and commissicning plans for all system

components (including necessary tools);

' Maonitoring (Remote and On-5ite Data Collection) and evaluation
proceduresd protocol;

‘Validate performance indicators (\Visual inspection check lists, known
equipment benchmarks, Performance Ratio and System Availability);

v Perform actual monitoring and testing for the facility;

Analysis of results and undertake necessary repairs andfor
adjustments to optimize system operation and performance; and

“| Repeat monitoring, testing, analysis, and optimization as necessary.

Checklist for Functionality test and Commissioning

STEP No. 4: Operation and Maintenance

FRE-PROJECT CONITRUCTION +

Purpose; Conduct or ensure ongoing operations and maintenance (C+M),
including repair and replacement.

Tasks: Cutputs:
* Finalize ©+M agreements; + Ensure O+M provider engaged,
+ Establish baseline system performance and + Compliance to Construction/EPC
Production guarantees; contract guarantees (punch lists and

remedial repair);

+ Reporting and documentation of
energy production and

+ Compliance to energy and financial KPls.

+ For third party ownership, execution of
* Payment conditions
* Under performance penalties

« Buyout Options and transfer of
warranties;

E]

Solar Project Operations and Maintenance
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STEP MNO. 4: OPERATIONS AND MAINTENANCE
Rationale for Enhancing Operation and Maintenance

* Increase efficiency and energy delivery (KWh/KW);

* Decrease downtime (hours/year);

+ Extend system lifetime (25 to 30+ years);

* Reduce costs of O+M (PHP/kW/year);

* Ensure safety and reduce nsk to people and property; and

* Ensure that the facility complies with financial KPls
(revenue stream) and equipment/system warranty terms.

Jf'
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The need for Operation and Maintenance of the Solar project

STEP NO. 4: OPERATIONS AND MAINTEMANCE

Operation and Maintenance Costs Dependencies

Location Environmental Conditions

* Remote = Pollen

+ Controlled access = Bird populations

+ Restricted hours of operation « Sand/Dust
System Type « Humidity

+  Roof-Mount * High temperatures

+  Ground-Mount «  Adverse weather conditions
Components - Salt air

* Number of modules = Air pollution and emissions

+  Number of combiner boxes

+  MNumber and type of inverters

+  Number of transformers

+  MWumber of AC and DC panel boards
(@ Warranty Coverage

Factors to consider in costing the maintenance operation
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STEP NO. 4: OPERATIONS AND MAINTENANCE
Operation and Maintenance Differences in terms of system size

Small Systems

= On-site inspections, operational indicators ,and procedures responsibility of the end-

user or off-taker. End-user or off-taker contacts system provider to resolve any
problem;

= Inspection of system deployments done as a sample rather than for every system; and

= Performance guarantees should identify and consider factors that contribute

significantly to energy production, such as degradation rates specific to a module type.

Large Systems

= Emphasize automated monitoring and analytics, remote reset, and capability to post

reporis to stakeholders;

= Report loss of production or low production on specific periods;

= Monitoring System: Transparent, auditable, maintainable, secure, and with capable

redundancies to minimize data loss; and

= On-site or remote sensing of environmental conditions for large systems.

Impact of the system size on the Operation and Maintenance

STEP NO. 4: OPERATIONS AND MAINTENANCE

Administration and Management Preventive Maintenance

* Billing and accounting * Scheduled and planned

* Hiring subcontractors *  Expenditures budgeted

+  Enforcement of wamranties Corrective Maintenance (Repair)

+ Management of budget and reserves + Unplanned or condition-hased

« (Owerall oversight and planning * Possible budget for expenditures
Monitoring kept in reserve or line-of-credit

+  Metering for revenue

* Alarms

+ Diagnostics

L)
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Typical Operation and Maintenance Tasks and Activities

Typical Tasks for Operation and Maintenance Activities
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION

Detailed Engineering: Solar PV System Sizing and
Configuration

Finalize Solar PV System Sizing and Configuration: Utilizing simulation
tools such as PVSyst, NREL System Advisory Model, SolarEdge,
Heliostat, SolarGIs, and many others

= Average Energy Production (Monthly and Annual)

= Average Performance Ratio (Monthly and Annual)

= System Losses

= Number of Inverters (Depending on the capacity in kW)

* Number of Solar PV Modules (Depends on the efficiency, capacity
in kW, and area of module)

+ Layout, orientation, and slope of solar PV modules

i
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Use of Commercial software in planning and designing of PV systems

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION

Detailed Engineering: Solar PV System Sizing and
Configuration (Using PVSyst)

& A e

Sample output of commercial sola design software
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION

Detailed Engineering: Construction
IMPLEMENTATION (civil and Mechanical)

#) Finalize detailed civil and mechanical designs:
* Layout of solar PV modules on roof
* Site Development and Access Plan

* Equipment layout (Placement of inverters with mounting
frames, combiner boxes, DC electrical panels, AC electrical
panels, and others)

* Maintenance walkways, ladders, and anchor points
(temporary or permanent)

* Solar PV array cleaning system (Optional)

Finalize Civil and Mechanical Design

gef

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design
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Sample Detailed Engineering: Mechanical Design — solar module lay-out
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design
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Sample Detailed Engineering: Mechanical Design — electrical lay-out

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design
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Sample Detailed Engineering: Mechanical Design — mechanical lay-out
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design

Sample Detailed Engineering: Mechanical Design — electrical room lay-out

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design

i . =

Sample Detailed Engineering: Mechanical Design — solar module roof mounting details
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design
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Sample Detailed Engineering: Mechanical Design — solar inverter mounting details

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Mechanical Design
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Sample Detailed Engineering: Mechanical Design — solar inverter mounting frame details

89



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

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Structural Design

(%) Finalize structural design (National Building Code of the
Philippines):
= Verify the structural loading capacity of the roof (including
dead, live, seismic, and wind loads) for solar PV array,
mounting frames, and maintenance walkways/safety anchor
points

rEE e

Finalization of Structural Design in compliance to the National Building Code of the Philippines

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Electrical Design

@ Finalize detailed electrical design (Philippine Electrical Code 2017 Edition):
= Cable routing, sizing of conduits, raceways, and cable trays

* DC cable sizing and selection (Calculation of maximum allowable continuous
current and maximum voltage drops)

* AC circuit breaker sizing (per drcuit breaker)

* AC cable sizing and selection (Calculation of cable current carrying capacity and
voltage drops)

* Transformer sizing and selection
* Synchronizing panel sizing
* System grounding and short-circuit and thermal overload protection

* Single-Line Diagram

< HE e

Finalization of Electrical Design in compliance to the Philippine Electrical Code of 2017
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Electrical Design

Sirgle Line Diagram for
R L o Solar PV Sy
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Sample Single Line Diagram of a PV System

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Electrical Design
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Sample detailed wiring diagram and methodology of a solar array
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Electrical Design
Grounding Diagram for Solar PV System 3=E
= _

Grounding Diagram of a PV System

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Detailed Engineering: Electrical Design
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Detailed Electrical Lay-out of a PV System
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Construction Safety, Health, and Environment

Finalize Construction Safety, Health, and Environmental Plan (Occupational
Safety and Health Law and DOLE Department Order No. 13, Series of 1998):
* |dentification and selection of certified Construction Occupational Safety and
Health (COSH) Officers to form the Site Construction Safety and Health Committes
* Development of the Construction Safety, Health, and Envircnmental Plan
a. Safety Rules and Regulations for Construction Team and Visitors
Use of Personal Protective Equipment (PPEs)
Emergency Procedures and Quick Response Plan
. Fall Protection Plan

. Fire Protection Plan (Section 10.2.19.9 of the Revised Implementing Rules and
Regulations, Fire Code of the Philippines

Welfare and First-Aid Facilities
. Housekeeping Rules and Procedures
. Safety Hazards and Risk Assessment

On-Site Safety and Health Promotion (Conduct of daily tool box meetings and site
induction and safety crientation)
j. Waste Disposal and Treatment Plan

& F
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Construction Safety, Health, and Environment guidelines

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Risk
assessment, Management, and Contral

MOST HIGHEST )
;mmmﬂd Whers = hazard has besn identifiss and the

risk evelated, control meassnes will be

debarmired folkowing the hi of
LEVEL 2: ENGINEERING OR SUBSTITUTION e THlTWing e hierarchy

In cases where & higher order control will not

-]
g ?. If It Is not reasonably pracical bo eliminate the control measures (in descending order] t
OB = E&mﬂ ey er sithar siminats the rigk or raguce the
=
[=] ; chane oocurnenoe bo & o as mﬂ!hh‘
z s ISOLATE THE HAZARD FROM PEOPLE. )

o5 REDUCE RISKS THROUGH TECHMICAL practicable.
[+ 4
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Construction Safety, Health, and Environment — Risk Management

93



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

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Risk
assessment, Management, and Contral

Typical risks associated with Solar PV Rooftop Projects:
@ Use of portable power tools ({Action: Use of PPE);

@ Warking from heights and/or elevated platforms, including the
use of walkways (Action: Fall Protection Plan);

@3 Exposure to extreme temperatures, particularly heat stress
(Action: Awareness and guidelines for hydration and
protection); and

@ Low and medium voltage electrical safety [Action: Capability
building and awareness).

cRE e

Construction Safety, Health, and Environment — Common Risks in solar installations

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Basic
Rules, Precautions, and Prohibitions

(#) All personnel, suppliers, subcontractors, and guests/visitors are
mandated to utilize Personal Protective Equipment (PPE) whenever
present in areas within the project site. Elevated areas such as
rooftops will require the use of a fall protection harness.

GIeE 0000 [Immummm

Personal 1. Safety Helmet'Hard Hat
it protective 2. Safety Shoes
EQUIPMENT (PP equipment must 3. Long-Sleeved Work Shirt
(FrE) be worn 4. Denim Pants/Trousers

@ Visitors and guests will be provided safety helmets, visibility
vests, and other necessary PPE during the mandatory site
induction and safety orientation before being allowed to access
work areas.

CHE e
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Construction Safety, Health, and Environment — Rules, Precautions, and Prohibitions
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Basic
Rules, Precautions, and Prohibitions
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Always treat electricity and electrical equipment with respect;

Discard any piece of equipment that gives you even the slightest
shock. If the resistance through your body is lowered (i.e.
standing in water or touching metal), even the slightest shock
can be deadly;

Check constantly that equipment cables and extension cords are
not damaged or wormn;

Keep trailing equipment cables and extension cords off the
ground and away from water if possible;

@ Never overload or use makeshift plugs and fuses; and

Only trained personnel and electricians should service electrical
equipment and fixtures.

Construction Safety, Health, and Environment — Electrical Safety

IMPLEMENTATION: PLANMING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Fall
Protection/Working at Elevation Plan

Personnel, subcontractors, and suppliers working at heights
above 1.20 meters for normal activities or 1.80 meters for
construction related activities must take into consideration any risk
of a falling and the control measures to be implemented.
Personnel will not be required, nor allowed to perform any duties
which require getting closer than 3.00 meters to an unprotected
edge, opening, platform, walkway, or utilize elevated equipment
unless they are properly secured from falling.

= Waming systems will be put in place on a roof at least 3.00
meters from the edge to wam personnel that they are
approaching an unprotected edge or opening. These waming
systems designate an area where solar PV installation work may
only take place with the use of personal fall amrest systems and
lifelines secured to dedicated anchor points on the elevated

uoneaa|3 e Bunjopyuoipalold |1e4

Construction Safety, Health, and Environment — Fall protection
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Fall
Protection/Working At Elevation PLan

MOST HIGHEST
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Hierarchy of Risk Management and Control
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Construction Safety, Health, and Environment — Fall protection plan

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: Sample Fall
Protection/Working at elevation PLan

VO PO

Active Fall Protection for Working at Elevation
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Construction Safety, Health, and Environment — Fall protection plan
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: sample
Emergency Response and Crisis Managament Flan

@ The Emergency Response Plan (ERP) will be drafted to assist employses,
subcontractors, suppliers, and management in making quality decisions
during times of crisis and emergencies and contains guidance in
determining the appropriate actions to be undertaken to preventinjury
and property loss.

@ During the occurrence of major and minor incidents/accidents,
including (i) fire and explosion; {ii) structural failure; (iii) equipment
failure; (iv) accidental falls, personal injury, sickness, and exposure to
extreme temperatures; (v) natural calamities, including flooding,
earthquakes, and adverse weather conditions.

Construction Safety, Health, and Environment — Emergency Response and Crisis Management Plan

IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: sample
Emergency Response and Crisis Management Plan

— Safety Officar and/or 1 441 3 Project Safety

Emergoncy Coordinator LS Committee

LEGEND:
> NalificatiorvCocrdination
gy |nvestigaion and Repoding
«unp Caordination (As Neaded)

Project Manager
(EPC Conrtractor)

¥ Regional Office

SjuapPIY//SjuspIou| JOUIN 10} 443

Construction Safety, Health, and Environment — Emergency Response and Crisis Management Plan
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IMPLEMENTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: sample
Emergency Response and Crisis Management Plan

Emergency Services
(Fire, Rascue, + Sacurity}

Supervisor or Foreman Nurse or First Aid Provider
(Evacuation and Processing + (Trigge and Stab .
of Parsconed) Coordnate with M,

Hospital
Safely Officer and/or Lot Project Safety
Emergancy Coordinator LB Committee

LEGEND:
—— Netificaton/Cocedination
—_— Investigatian and Repeorting

Project Manager
(EPC Cantractor)
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Construction Safety, Health, and Environment — Emergency Response and Crisis Management Plan

IMPLEMEMNTATION: PLANNING THE SOLAR PV SYSTEM INSTALLATION
Health, Safety, and Environmental Plan: sample
Emergency Response and Crisis Management Plan
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Construction Safety, Health, and Environment — Emergency Response and Crisis Management Plan
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Sample Solar PV system Installation
Workplan
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Solar PV Installation Workplan

CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM
Common Installation Procedures 1:
Equipment Delivery, Storage, and Handling

Procurement and delivery of necessary equipment must be strictly set to prevent any
delays in project implementation
Inspection upon Receiving
@ The characteristics (model and senal number) and technical specifications of
each component (based on the name plate or labeling) should coincide with the
data listed in the deliveryfinventory list and other documentation;
Check for all relevant safety wamings;
Check the general physical state of each component for observable {minor and
major) damages, as delivered;
Check all of the accessories necessary for the operation of 2ach component has
been included in the package; and

Before unpacking each component for installation, especially during inclement
weather when the difference in temperature and humidity may be considerable,
a penod of time should be allowed before installation and energization to
minimize the cccurrence of condensation on any electrical contact.

® ® @@

L
gef ML

(=1

Solar PV Installation Workplan: Equipment delivery, storage, and handling
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CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM
Common Installation Procedures 1:
Equipment Delivery, Storage, and Handling

Storage
@' Eguipment, components, and other materials should be stored in a dry location of uniform temperature, in
ariginal packaging, and off the ground using pallets or chocks:

If the storage of unpacked equipment or components for an extended length of time or outdoor placement
cannot be awoided, all ventilation openings (applicable for inverters andfor transformers) must be fully
protected to keep out dust, insect ingress, moisture/condensation, and other debris. Electrical equipment
and other components should be dried out before energizing: and

@ Materials shall be placed in storage in such 2 way as to provide greater access for inspection, handling. and
mioving. disles and access ways shall be kept free from obstructions.
Handling
@- All precautions for working at height will be required (including the use of PPEs), depending on the
circumstances (scaffolding. fall prevention hamesses, reflective vests, and others);
@' Care must be exercised in removing straps or bands by using the proper tools and protective equipment;
*  When dismantling wooden crates, nails shall be removed or bent into the wood crete panels. Waste lumber
(@) (from palletz) will be nesthy stacked for disposal; and

*  Get the help of another worker when lifting & load more than 22.7kg and use carmying tools with handles to
@ carmy odd-shaped loads.

&
g=f i

Solar PV Installation Workplan: Storage

CONSTRUCTION AMD INSTALLATION OF THE SOLAR PV SYSTEM

Common Installation Procedures 2:
Review and Understand the System Design, Construction
Methods, and installation Manuals

Solar PV Siing 1

S
i Step-Up/Step-Down
Do Isciation | AC Transfommer
Saitch with SPD | Combiner (A3 Needed)

Solar PV Saing 2

4
ﬁ"'
0
t
0]
0
&)

i
DG DCIAC Inverters AC Disconnact Main Service and
Combinar ! wim SPD Synchionlzation
! Panz|
]

Az Needed)

Solar Project Construction and Installation
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CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM
Common Installation Procedures 3:
Preparation and Installation of Mounting System

Types of Solar PV Roof Mounting Systems

(@) Flat Roof Systems

Ballasted Rack Mounting  Adjustable Rack Mounting
(®) Sloped Roof Systems

A R ‘
* R .

Common Solar PV module mounting procedures

CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM

Common Installation Procedures 3:
Installation of Mounting System

/

/ -~ v v e
7 L

[
| \_ [a——

Solar PV module mounting procedures on metal roofs
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CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM
Common Installation Procedures 4:
Installation and Placement of Inverters

1. B
Tl o
1 2 s
> .A h, 4 ’ l
> (7« 2 by ALY
A,
4 [
Wall Mounted

L Ty
" E:&” 'l)
7€ hggissiney

Frame Mount=d

@) t..-.\n
gef ulr il ‘: ' Ea

ole

Inverter mounting procedures

CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM

Common Installation Procedures 5:
Installation of Solar PV Modules and DC Wiring

.
i

Sclar PV Medule Installation: Side Clamps

N

Salar PV Maduke Installation: Middle Clamps

Solar Array mounting procedures
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Common Installation Procedures 5:
Installation of Solar PV Modules and DC Wiring

w1 misee
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Connecting the Solar PV Modules inte Strings
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CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM

Solar module string wiring procedure and cable runs

CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM

Common Installation Procedures 6:
Installation of AC Combiner Boxes, Inverters, and AC Wiring
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Solar inverter wiring and AC combiner boxes
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CONSTRUCTION AND INSTALLATION OF THE SOLAR PV SYSTEM

Common Installation Procedures 7:
Connect the Solar PV DC Wiring to inverters

»

B

Sruat W Unng sErcpnets

R ——
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.
CONduts M0 15y WY | -
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WrnnAD #835 Lty

recornmanded connecdon - —_
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©
=
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Cosrect OC 'Wirng bom the
Scker PV Srign 1o BC frpet
Tarnas i e lineny

Connection of Solar PV Strings
to the Inverter

< 8 e

Solar inverter wiring and DC combiner boxes

COMNSTRUCTIOMN AND INSTALLATION OF THE SOLAR PV SYSTEM
Common Installation Procedures 8:
utility Interconnection

Interconnection will be completed under the supervision
and with the coordination of mandated distribution utility
(DU) or electric cooperative (EC) for the particular franchise
area;

* Expect the DU or EC to replace, upgrade, and/or install
additional electric meters for the facility in order to monitor
any occurrence of energy export into the distribution
system; and

* The DU or EC will obligate the testing and commissioning of

the solar PV system for compliance to standards and

guidelines contained in the Philippine Grid and Distribution

Codes, Net-Metering Rules, and others.

el ] Eﬂ

Connection of PV system to the utility
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Insta
®

llation Notes

Always read and understand installation manuals for each of the solar PV
system components;

“Plan your work... Work your plan;”

Drawings, plans, method statements, inspection checklists, manuals, and
other project documentation will always be necessary for the efficient
operation, maintenance, and regulatory needs of the solar PV system {must
be provided by the EPC contractor during project hand-over and
acceptance);

Always check and update project timelines and plans to avoid delays;
Check and compare delivered components and supplies with bill of
materials, technical specifications, and drawings; and

Safety (particularly working from elevation, electrical safety, and material
handling) should always be a priority.

Installation Notes
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3 Hands-on Training Materials

These presentation slides provide the trainees the background for the inspection of the solar PV
installations to check for its safety compliance of the Philippine Electrical Code and the National Building
Code of the Philippines. A check list is included as a guide for the inspector in validating the safety
compliance of the solar installation on the DC side and on the AC side of the installation.

Source Disconnecting Means E
Service Disconnecting Means

Grid-tied Solar PV System
Inspection Checklist 1

3.1 Part 1: DC CIRCUITS INSPECTION CHECKLIST based on PEC Article 6.90
By Engr. ERNESTO C. VALDEZ

Sec 5.1- Solar PV
DC Circuits Inspection Checklist
DC Circuits Checklist
i 2
':,“:‘ Checklist Activity Reference c‘: Zp"a:l'

5.1.1 Check dc PV power source Info Is vislble PEC 6.90.6.3

S.1.1a Check dc maximum voltage is posted PEC 6.90.2.1

3.1.1b Check dc maximum current is indicated PEC 6.90.2.2
5.1.3 Ungrounded Conductor Checklist PEC 6.90.2.2 (B)

3.1.3a Check Conductor ampacity is 1.36 x fzc PEC 6.90.2.2 (B} (1}

3.1.3b Check PV label, Voltage Rating PEC 6.90.2.1
5.1.5 Wiring Methods Checklist PEC 6.90.4

5.1.5a Check circuits are not readily accessible to unqualified persons PEC 6.90.4.1,1.10.2.2 (A)

5.1.5b Check PV source Cable supports are adequate PEC 3.34.2.21

3.1.5¢ Check cable enter y or metallic I in approved fittings PEC 3.0.1.16 (A}

a.1.5d Check Wiring method is metallic up to first dc Disconnect PEC 6.90.4.1(G)

5.1.5e Check Wiring Method is labeled PEC 6.90.4.1(G)}3) & (4)

5.1.5f  For mulii strings, Check circuits are tagged in common raceways & enclosures PEC 6.90.4.1(B)

5.1.59 Check enclosures are listed and of approved type PEC 1.10.2.3, Table 1.10.2.3

Continued on next page
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Sec 5.1- Solar PV
DC Circuits Inspection Checklist
DC Circuits Checklist
i 2

"’;c',‘_‘ Checklist Activity Reference c:; ':p"a:;'
5.1.7 Grounding Checklist PEC 6.90.5

3.1.7a Check size of String Equipment Grounding Conductor (EGC) PEC 6.90.5.5, Table 2.50.6.13

5.1.7b Check EGC connections are listed and Identified for the purpose PEC1.10.1.15

3.1.7¢c Check String EGC homeruns are routed in the same raceway or cable tray PEC 6.90.5.3(C)

5.1.7d If Inverter is Grounded, Check GEC is wired at the inverter PEC 6.90.3.2, 6.90.5.T(A)

3.1.7e Check EGC terminal bar is provided in metallic enclosures PEC 4.8.3.11
3.1.9 Inverter Disconnecting Means PEC 6.90.3

5.1.9a Check Inverter Disconnecting Means (IDC) is of the approve type PEC 6.90.3.D

5.1.9b Check IDC is within sight of equipment PEC 6.90.3.1(D), 6.90.3.3 (A}

3.1.9¢ Check Warning Label is provided at each DC Disconnecting Means PEC 6.90.3.1(B)
5111 QOvercurrent Protection PEC 6.90.2.3

5.1.11a Check OCPD rating is consistent with specified module maximum rating PEC 6.90.2.3

5.1.11b Check OCPD markings are visible and durable, listed for PV system PEC 6.80.2.3 (B} PEC 24074
2.1.13 Check Inverter Enclosure Is appropriate for Its locatlon PEC 1.10.2.3, Table 1.10.2.3
3.1.13 Check Rapld Shutdown Label Is provided, If equipped PEC 6.90.6.6 4

5.1 Check DC PV Power Source label is visible
5.1.1a Verify dc maximum voltage information
3.1.1b Verify dc maximum current information

PEC 6.90.6.3. “A permanent [abel for the dc PV power source indicating the information
specified in (1) through (3) zhall be provided by the installer at de PV disconnecting

means and at each de equipment dizconnecting means required by 6.90.3.3. Where 2 PV POWER SOURCE
dizconnecting meanz haz more than one dec PV power source, the values in 6.90.6.3 (1)
through (3) shall be zpecified for each zource. (1) Maximum Voltage (2) Maximum cireuit Vmax: _ VOLTS

lmax: _ AMPS

Comblner Box

OwnuD

-

1>

DCCE:
SDM: BOA,
230AT 1P

L
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/g | 513 | String Conductor Checklist
Eoii | 5.1.3a | Check Conductor ampacity is 1.25 x Imax

Table 310.15(B)(16) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 Volts, 60°C to 90°C,
Not more than Three Current-Carrying Conductors in Raceway, Cable, or Earth(directly Buried), Based on Ambient

Temperature of 30°C (86°F)
Temperature Rating of Conductors 7
60°C | 75°C ‘ 90°C !
CABLE RATING TABLE | reeowi rint Atz
Conductor Size =g ! PR mw'.'."é"u?é';" xrrimuz-mw
mm?2 | Cable Cross  Typical Current | Recommended XHHW.2, ZW.2 ’
Sectional 1+ Rating  Circuit Breaker
18 Area(mm?) |  (amps) | Rating (amps) 1
16 1i5mm | 7.9-159A | T8A 18
2.0 25mm’ | 159-22A | 15A %
35 4mm¢  22-30A | 20A 30
55 6mm: ' 30-39A ' 30A 30
8 10mm® | 39 - 54A ~40A 55
1 16 mm’ 54-72A |  60A 75

PEC 6.90.2.2(B)(1). Before application of adjustment and correction factors. One hundred twenty
five percent of the maximum current...

5.1.3 Ungrounded Conductor Checklist
5.1.3b Check PV label, Voltage Rating
7M1 \ Soplications

Nexans AmeCadie's Tyoe PY 8 2 srgie-tonuctr

Typﬂ PV » UL4703 22D Pt mests P2 nemest sta eSS 28 0%uced

In Natonal Slectrical Code (NEC) Artice 630
Ph 010'0“8'3 cahle Aggiicatons mclude connecton 10 Mmodue Lito”
Single-Conductor. 2V » Rated 90°C » RMFRHW-2 + CSA 14V RPY-30 bexes, raqurec cadie putng i haance o sysiem
(308} mtegraton, ¢ whe't also alfveet by

e e
sgow g ALV B}

o YT,
fyew Fopvew G pne
P waetog 2 44w

over 20 Ebylene-Prepyime Rudder (EFR) moer
ayer. This design s based on 2 construction

i dlowed e us2 on ungrourded systems 28

| Oeserided in NEC Atcie 630 without the need

e NEC.
A
® A two [2yer construction of fame mtariant. o 200
scight sesatent Chiorirated Poyethysee (CPE)

! for canct when mslaied exposed

Jacket i » Provides superior protection Fom c2one wealher
available 206 abeation Ban offer single i2yer corstruclions
inwnits £ whie martaning fexdity for zase of metaiaton

and = Suitadie br continuous operating temperaturs of
Other 90°C wetor &y
Colors » Drect 2l 24
# Coitt dead an¢ impct 40°C
a ® UL fisted 2s Sunlight Resstant

 Flame Resistance: (R V-1

| s Compatde wits &7 magr corectos
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| 3.1.5 Wiring Methods Checklist
5.1.5a l Check circuits are not readily accessible to unqualified persons

PEC 6.90.4.1(A)“where PV source and output circuits operating at voltages greater than 30 volts
are installed in readily accessible locations, circuit conductors shall be guarded or installed in

Type MC cable or in a raceway™

Exhibit 5.1.3a -1 Exhibit 5.1.3a\R, |

PEC 1.10.2.2.(A)(4) Minimum Clearance to live Parts
A ietioa Height above floor ge Between Ungr dc
2500 mm up to 300 Volts
2600 mm 301 - 600 Volts
2620 mm 601 - 1000 Volts 6
| 515 String Wiring Methods Checklist |
5.1.5b | Check PV source Cable supports are adequate I
Typical Technical Diagrams MECHANICAL CHARACTERISTICS
TP Dimensions(AxBxCrotharight) 301" x 6467 X 1.8°/004 x 1640 x 46 mm
' |‘ (Cable Length (6) 4337100 mm )
. | 3 Output Interconnect Cable 12 AWG with *SMK Locking Connector
i Hall mpact Resistanos 1" (25 mim) & 52 mph (22 m/&)
2
- Weight 419 Ibs /19.0 kg
i, <
. t;ka‘m I 2 Max Load S0 psf (2400 Pascals)
; : T Operating Temperature (coiy  -40 to 194°F / -40 to 90°C
i 0m i S 075m

PEC 3.34.2.21 NonMetallic-Sheathed Cable: Type NM, NMC, and NMS.
Securing and Supporting. “Nonmetallic-Sheathead cables shall be supported

and secured by staples; cable ties listed and identified for securement and
support; or straps, hangers, or similar fittings designed and installed so as not to
damage the cable, at intervals not exceeding 1400 mm and within 300 mm of
every cable entry into enclosures such as outlet boxes, junction boxes, cabinet or
fittings...”

/
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| 5.1.5 String Wiring Methods Checklist

Check PV source Cable supports are adequate

5.1.5b

Exhibit 5.1.3b-2

Twin-cable & multi-cable clip

| 515 |

Wiring Methods Checklist
| 5.1.5¢ |

Check cable enter raceway or metallic enclosures in approved fittings

istringies

PV System
-_ i ][ ]
telg .,_l" Vmax: Volts
e O]

Imax: __Amps
a8 a8 F
| | LT
e 0|

Whenever a change in the wiring method 1s made at any part of the installation
PEC 3.0.1.16 (A) Box, Conduit Body, or Fitting provides the guidance. It states
that “a box, conduit body, or terminal fitting having a separately bushed hole
for each conductor shall be used whenever a change is made from conduit,
electrical metallic tubing, electrical honmetallic tubing, nonmetallic-sheathed
cable, Type AC cable, Type MC cable, or mineral-insulated, metallic-sheathed

cable and surface raceway to open wiring or to concealed knob-and-tube
wiring”.
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| 515 | Wiring Methods Checklist
| TEREE | Check cable enter raceway or metallic enclosures in approved fittings
Service drop service—

m]e senvice drop is the wires running frem the
ility pole to the point of connection to the house

hese are sometimes referred to &s overnead
pires cr overhead service

4

o

the service drop terminates at
the drip loop

gn undergound service has
Quried service laterals running
from the utility to the service
gnirance conductors

| 515 | Wiring Methods Checklist
| 5.1.5d | Check Witing Method is metallic up to first DC disconnect

Roofline

building interior

Exhibit 5.1.38 D

PEC 6.90.4.1 (G) “Where PV system DC circuits run inside a building, they shall
be contained in metal raceways. Type MC metal-clad cable that complies with
2.50.6.9(10), or metal enclosures from the point of penetration of the surface of
the building to the first readily accessible disconnecting means”.

10
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[ 515 Wiring Methods Checklist
5.1.5¢ Check Wiring Method is labeled with approved markings

Label Standard
PEC 6.90.4.1 (G)(4)

*Red background
“White lettering
“*Minimum 9.5 mm” letter height
*All CAPITAL letters
*Reflective, weather resistant
material

PEC 6.90.4.1(G)(3). Marking and Labeling Required. ...Wiring methods and
enclosures that contain PV system dc circuit conductors shall be marked with
the following wording: WARNING; PHOTOVOLTAIC POWER SOURCE by
means of permanently affixed labels or other approved permanent marking...

11

3.1.3 Wiring Methods Checklist
5.1.5f | For multi strings, Check circuits are tagged in common raceways & enclosures

— Tagging is required here

[\ | Enclosure Type
4%

isltiigett
Stiga ——
Sitgdl ——

J?.

e

P——

ﬁ

NILN

PEC 6.90.4.1 (B) (1) Identification. PV system circuit conductors shall be
identified at all accessible points of termination, connection, and splices.

12
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VIL Moduls Placement Plan

Caveck Burings avs Distingulshabsle v

[ R e — “

Coveck, ruod dimensiunm e drww 1o sk ~

Coveck moduiin ar drinwe 16 acale v

[ L L ——— v

Coveck directional sign i previded i

[ —— v

-
200 mm
Module Dimension (L x W)
144 m
Module Placement Plan
Scale 1:100
13
5.1.5 Wiring Methods Checklist
5.1.5g Check enclosures are listed and of approved type
SUNNY BOY
Utility interadive 1-phase inverter *
Enginesred in Germany « Assembled in USA
Mcodsl :
“All equipment and materials to be used shall SB 6000US b
be of the approved type for location and $/N2001889

purpose intended. Date of manufaciure 10/201 1

IMax. continuous cutout Power

uced outpu! power roting -
O perating voltage range (Vac)™
MIN NOMINAL MAX
208 229
240

PEC 1.10.2.3 ...enclosure shall be marked with
an enclosure type number...

244 277

Operating frequency range (Hz)®
MIN NOMINAL
59.3 60.0 60.5

Mox. continucus outout current

t ot foctor 1
Max. open circuit input voltege™
nge of inpu! eperating DG voitage (MPPT )*
250-480 Vd¢

o erONn o cuTenI =R ] cu]

KNP eal———ts

“ 'jil!{.}i'm_ml

14
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| 515 Wiring Methods Checklist
5.1.50 Check enclosures are listed and of approved type

First digit - protection from foreign

T e Second digit - protection from moisture ingress

0 Not rated (or no rating supplisd) for protection 0

against any ingrass Mot rated (or no rating supplied) for protection againzt ingress of thiz type.

Protection againet solid objects larger than 50 mm Protection against vertically falling droplets, such as condensation, sufficient

1 {accidental hand contact with opsn palm), but not 1 that no damage or interrupted functioning of components will be incurred
apgains deliberate body contact when an item is upright
2 Protection against solid objects larger than 12 mm 2 Protection againat water droplstz deflected up to 15° from vertical

(accidental finger contact)

3 Protection againet solide larger than 2.5 mm 3

{tocle and wi Protectsd against spray up to 60° from vertical.

Protection againet solide largsr than 1 mm (fine Protected against water eplashes from all directionz. Tested for 8 minimum
4 tools and wires, nails, screws, larger insscts and 4 of 10 minutes with an cecillating epray (limited ingress permitted with
other potentially invasive amall objectz) no harmful effectz)

Partial protection againzt dust and other
5 particulates, zuch that any ingrea= will not 5 Protection againat low-pressurs jetz (6.3 mm) of directed water from any angls

damage or impede the satizfactory performancs {limited ingress permitted with no harmful sffects).
of internal parts

Full protection against dustz and othear
[ particulatee, including a vacuum ssal, tested 6 Protection against direct high pressure jets.
against continuous airflow

7 Protection againat full immerzion for up to 30 minutes at depthe betwsen 15
cm and 1 metre (limited ingresz permitted with no harmful effectz)
P ion againat i ion under higher prezzure (i.e. greatsr
8 depthz). Precize parametsrs of thiz test will be 25t and advertizad by

the manufacturer and may includs additional factors such as
ione and flow rates. d. ding on squi ype.

9 F s‘m;‘i:ml::r:i'r:;r;cedumékuh ot epreye, vachd q1 5
| 5.1.7 | Grounding Checklist
‘ 5.1.7a | Check size of String Equipment Grounding Conductor (EGC)

TABLE 2.50.6.13 MinimumSize of Equipment Grounding
Conductors for Raceway and Equipment

Size (AWG or kcmil)
Rating or Setting of Automatic

Owvercurrent Device in Circuit Aluminum or

Ahead of Equipment, Conduit,

etc. Not Exceeding (Amperes) Copper Copper-Clad

Aluminum

13 2.0(1.8) 3.5(2.00
20 3.5(2.00 3.3(2.6)
30 3.3(2.6) 8.0(3.2)
40 5.5(2.6) 8.0(3.2)
60 3.3(2.6) 8.0(3.2)
100 8.0(3.2) 14

PEC 6.90.5.5 “Equipment grounding conductors for PV source and PV output
circuits shall be sized in accordance with 2.50.6.13. Where no overcurrent
protective device is used in the circuit, an assumed overcurrent device rated in
accordance with 6.90.2.3(B) shall be used when applying Table 2.50.6.13.

16
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During Normal Operation

(1) 2-Wire PV arrays with one functional grounded conductor.

During Positive-to-Ground Fault

(1) 2-Wire PV arrays with one functional grounded conductor.
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" Insidethe Inverter

GFP Threshold:

Electronid

(1) 2-Wire PV arrays with one functional grounded conductor.

‘ 5.1.7 I Grounding Checklist
| 5.1.7b ’ Check EGC connections are listed and Identified for the purpose

o .
.. )

PEC 1.10.1.15 Electrical Connections. Because of different characteristics of
dissimilar metals, devices such as pressure terminals or pressure splicing
connectors and soldering lugs shall be identified for the material of the
conductor and shall properly installed and used. Conductors of dissimilar
metals shall not be intermixed in a terminal or splicing connector where
physical contact occurs between dissimilar conductors (such as copper and
aluminum, copper and copper-clad aluminum, or aluminum and copper-clad
aluminum), unless the device is identified for the purpose and conditions of

use’... 20

!
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| 317 | Grounding Checklist
| 5.1.7c | Check String EGC homeruns are routed in the same raceway or cable tray

R
1 IHHIII 1
BN B0 Ckcuit Be e
S 58 58 8E B8 88
S8 5E 58 BE BN 88

DC DISCONNECTING | | GRID-TIED

l
®ss

| GROUNDING TERMINAL BAR | —

PEC 6.90.5.3 (C) With Circuit Conductors. “Equipment grounding conductors for the PV array
and the support structure (where installed) shall be contained within the same raceway, cable or
otherwise run with the PV array circuit conductors when those circuit conductors leave the
vicinity of the PV array” 2-]

| 30T | Grounding Checklist
| 5.1.7d | If Inverter is Grounded, Check GE & GEC is terminates at Inverter

The Grounded System

C!-}MWM@
58 B8 [E8 (5%

@
Q
-

earth

system bonding jumpsr

Grounded System - An electrical system that is characterized by a
connection of one of the systems’ current-carrying conductors to ‘earth’ by
means means of a system bonding jumper, thus gaining an earth potential or
zero potential difference with respect to earth.

22
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Grounding Checklist
If Inverter is Grounded, Check GE & GEC is terminates at Inverter

PEC 6.90.5.7. For solidly grounded PV systems, the grounded conductor shall be connected to a
grounding electrode system by means of a grounding electrode sized in accordance with 2.50.8.7

PV String Circuit PV Array Circuit Inverter Output Circuit

=\
- m
L
| |

CETiIr\CIEiFS{EI;E MADE
ELECTRODES
ELECTRODE METAL PIPE . L

3.1.7 Grounding Checklist
5.1.7f Check EGC terminal bar is provided in metallic enclosures

=

Grounding Terminal Bar
one conductor per slot

PEC 4.8.3.11 Grounding of Panelboards. Panel board cabinets and panel board
frames, if of metal, shall be in physical contact with each other and shall be
connected to an equipment grounding conductor...where separate EGC are
provided, a terminal bar shall be secured inside cabinet.

24
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Grounding Checklist
217 Check EGC terminal bar is provided in metallic enclosures

PEC 6.90.5.7 (A) For PV system that are not solidly grounded, the EGC for the output of the PV system,
connected to associated distribution equipment, shall be permitted to be the connection to ground for
ground fault protection and equipment grounding of the PV array.

PV String Circuit PV Array Circuit

Inverter Output Circuit

CONCRETE
ENCASED
ELECTRODE

| 519 |

Inverter Disconnecting Means (IDC) checklist
| 5.1.9a

Check Inverter Disconnecting Means (IDC) is of the approve type

Simultaneously disconnect all ungrounded conductors

No common trip bar with common trip bar

26
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| 519

Inverter Disconnecting Means (IDC)

5.1.9a

Check Inverter Disconnecting Means (IDC) is of the approve type

Simultaneously disconnect all ungrounded conductors

Externally operable without exposing operator to live parts

5.1.9

Inverter Disconnecting Means (IDC)

5.1.9a

Check Inverter Disconnecting Means (IDC) is of the approve type

Simultaneously disconnect all ungrounded conductors

Externally operable without exposing operator to live parts

Shall indicate whether in the off or on position

120
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[ 519 | Inverter Disconnecting Means (IDC)
l 5.1.9a Check Inverter Disconnecting Means (IDC) is of the approve type

Simultaneously disconnect all ungrounded conductors

Externally operable without exposing operator to live parts

Shall indicate whether in the off or on position

Lockable in the off position

oc
Disconnect

<=
‘ e B
B D 00 S s
AR o Y
| \
: \ \
[ 519 ] Inverter Disconnecting Means (IDC)
| 5.1.9b | Check IDC is within sight of equipment

BiRGE ——

CTIE T r L) PV System

Imax: __ Amps

L
ooD

PEC 6.90.3.3 (A). Location. Isolating devices or equipment disconnecting means
shall be installed in circuits connected to equipment at a location within the

equipment. or within sight and within 3000mm of the equipment. 30
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| 519 | Inverter Disconnecting Means (IDC)
| 51.9¢c | if required ,Check Inverter Disconnecting Means (IDC) Warning Label

Enclosure Type
ax

SDM:
P 0AT

WARNING

ELECTRIC SHOCK HAZARD
TERMINALS ON THE LINE AND
LOAD SIDES MAY BE
ENERGISED IN THE OPEN
POSITION

[ 50 | Overcurrent Protection
| 5.1.11a | Check OCPD rating is consistent with specified module OCPD rating

SEsRENOGY .o

[ ——

Module Type: RNG-100D
Max Power at STC(P_) 100 W
Open- Circult Voltage (V) 225V
Optimum Operating Valtage v, LA AY
Optimum Operating Current (1) S29A
Shoet Circuit Current U ) STS A
Temp Coefficient of P__ 0 44%/X

Temp Coefficient of V_ 0.30%~C
Temp Coefficient of | 0.04%~C

Max Series Fuse Rating 15A)

e Rany TSy T

Weight 7.5kgs / 16.50bs
Dimenssons PIOSaSA I x35mm / 47x2) Ix) 4n
S1C rradiance 1000 W/m?, T « 25C, AM=1 %

32
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[ 511 l Overcurrent Protection
l 5.1.11b I Check OCPD markings are visible and durable, listed for PV system

Golden Electric

7 4

i o e
TORQUE: 18..22 Ib.in [
RATED:1000Vde, 32A
DO NOT OPEN
UNDER LOAD
c IEC60269
EN60269 b

1000Vde  32A 4w
WIRE RANGE: 1-10 mm
TORQUE:2...2,5Nm [ ]

PEC 2.40.7.4 (A). Durable and Visible Markings. Circuit breakers shall be
marked with their ampere rating in a manner that will be durable and visible after
installation. 33

At the instant a line-to-line fault has occurred in String2 between its Red (+) and Blue (-)
conductors, shown in Exhibit 3.3.2 as point X, we can see back-feeding currents from the unfaulted
strings. Assuming a low-impedance at the fault point that approximates a bolted-fault, the magnitude
of Izstring1, lztring2, and lzwring3 will be approximating their rated short-circuit currents, lze. leming? which,
initially, is the generated current at normal condition for string1 becomes lzet. lzming2which, initially, is
the generated current for string2 at normal condition becomes lze2.  lzwmingz which, initially, is the
generated current at normal condition for string3 becomes fze3.

At this instant, lzet and lze3 will be changing its direction and back-feeds the faulted String?2
circuit, traversing the positive busbar of the combiner and the Red (+) conductor of String2, seen in
the figure as the yellow arrow. The two back-feeding current, lze? and lze3 also passes thru OCPD1.
Since the capacity of the back-feeding currents equals lze1 + lze3 or twice that of lee2 that should be
above the trip setting of OCPD2, it must initiate the opening of the OCPD2.

Exhihit 3.3.2 During Fault
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| 5.1.13 | Check Inverter Enclosure Is appropriate for Its location
SB 5000US
Recommended Maximum PV Power [Module STC| s250wW
DC Maximum Voltage 600V
Pock Power Tracking Yoltage 230-480Y
DC Maximum |aput Current 21A
Number of Fused Siring Inputs 3 Gwerter), 4 x 20 A
(DC disconnect)
PV Stort Vokage 300V
AC Nominel Powear 5000 W
AC Maximum Output Power 5000w
AC Moximum Output Current (@ 208, 240, 277 V) 24A,21 A 1BA
AC Nomincl Voliage Range 183 - 229 V@208V
211 - 264V@220V
244 -205V@277V
AC Froquency: nominal / range S0Hz /503 - 60.5 Hx
Power Foctor [Nominal) 099
Peck loverer Efficiency 96.8%
CEC Weighted Efficency 95.5% 0208V
95.5% 8240V
95.5%@277Y
Dimersions: W x H x D in Inches 18.4 x24.1 x95
Weight / Shipping Weight 141 Ibs / 148 Ibs
Ambient Tempercture Range 1310 113 °F
Power consemption ot right oaw
Topology Low frequency konsformer,
frue sinewave
Cooling Conce: OpsCool™,
forcad aclive ©
@Ml outdoor (NEMA 3%) b
| 515 | Check Rapld Shutdown Label Is provided, If equipped
SOLAR PV SYSTEM EQUIPPED SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN WITH RAPID SHUTDOWN
TURN RAPID TURN RAPID SHUTDOWN SWITCH
SHUTDOWN SWITCH TO THE "OFF" POSITION
TO THE "OFF" SO HECT TO SHUT DOWN CONDUCTORS
POSITION TO SHUT OUTSIDE THE ARRAY
DOWN PV SYSTEM D CONDUCTORS WITHIN
AND REDUCE SHOCK THE ARRAY REMAIN
HAZARD IN THE ARRAY . ENERGIZED IN SUNLIGHT

Label for PV systems that shutdown the Array
and the Conductors Leaving the Array

Label for PV systems that shutdown the
Conductors Leaving the Array

PEC 6,90.6.6 (C)(1)...The Rapid shutdown label shall be located on or no more
than 1000 mm from the Service Disconnecting Means to which the PV systems
are located...

124



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

3.2 Part 2: PV AC CIRCUIT INSPECTION CHECKLIST
for INTERCONNECTED ELECTRIC POWER PRODUCTION SOURCES

By Engr. ERNESTO C. VALDEZ
Definition

ONE OR MORE POWER PRODUCTION SOURCES THAT
OPERATES IN PARALLEL WITH A PRIMARY SOURCE OF
ELECTRICITY.

PRIMARY SOURCE OF ELECTRICITY - UTILITY

POWER PRODUCTION SOURCE - SOLAR PV SYSTEM

BACK- UP POWER SOURCE V. INTERCONNECTED POWER SOURCE

UTILITY OR ON-SITE UTILITY OR ON-SITE
GRID GENERATOR GRID W |7 GENERATOR
\ ® 413
HG ]
TRAMNSFER SWITCH— {
LOAD LOAD
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Sec 5.3 - Solar PV
PV AC Circuit Inspection Checklist
Inverter Output Circuit Cheklist
i 2
fom Checklist Activity Reference ooy

5.3.1 Check AC output conductor ampacity Is = than 125%l/o 7.5.2.1 (AN2)
3.3.3 Check a disconnecting means Is within sight of Inverter 73121
5.3.5 If Inverter disconnect Is required, check the following 7.5.1.21

5.3.5a Check cable enters the enclosure in approved fittings 3014

5.3.5b Check Disconnecting means is of the approved type 7.1.22

5.3.5¢ Check Warning Sign label 6.90.3.1 (B)
5.3.7 At REC metering locatlon, check the following ERC Reso No. 6 52019

5.3.7a Check REC meter is adjacent to Bi-D meter REC Meter Standard

5.3.7b Check REC meter wiring method is exposed RIGID metallic REC Meter Standard

3.3.7¢c Check PV output Disconnect is approved type 7.2.1.22

3.3.7d Check PV output Disconnect enclosure is appropriate for intended location Table 1.10.2.3

5.3.7e Check PV output Disconnect OCPD trip rating, kAIC is indicated 1.10.1.22

5.3.7f Check PV output Disconnect Warning Sign 6.90.3.1 (B)

5.3.7g Check EGC terminates at Service equipment ground terminal bar 2.50

5.3.7h Check PV AC output is wired to loadside of OCPD 7.5.1.12(B)

Sec 5.3 - Solar PV
PV AC Circuits Inspection Checklist

Inverter Output Circuit Cheklist

i 2
flom Checklist Activity Reference o’
5.3.9 At Point of Interconnection (P of 1), check the following

5.3.9a Check terminal lug at SDM is appropriate 1.10.1.15(A)

5.3.9b Check SDM enclosure is approved type, in NEMA 3R 1.10.1.25, Table 1.10.2.3

5.3.9c Check Equipment Grounding terminations 2.50.6

5.3.9d Check grounding Electrode integrity PEC 6.90.5.7(A), 2.50.3
5.3.11 [f P of lis at Loadside, Check Feeder ampacity is = SDM OCPD + 125% Output Current 7.52.1.12 (B)
5.3.13 I P of | is at Lineside, Check PV output OCPD is = OCPD Rating of the Service 7To112 (0

End of Checklist

42
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| 5.3.1 Check AC output conductor ampacity is = 125% lo

5.3.1 | Check AC output conductor ampacity is = 125% lo

PEC 7.5.2.1 (A)X(2) Inverter Output Circuit Current. The

maximum current shall be the inverter continuous SUEN‘I BOY
. Utility inte 1-ph
output current rating w-'aul.i“ in a:..:;...‘,"}'.".:.,.‘.d inUsA
Mode

Conductor Ampacity = 1.25% lo 0600003 uss

=125x29A
=36.25A

Table 310.15(B)(16) ities of C Rated Up to and
Including 2000 Volts, 80°C to 90°C, Not mors than Thres Current-Carrying Conductors in
Raceway, Cable, or Earth(directly Buried), Bazed on Ambient Temperaturs of 30°C (86°F)

Temperature Rating of Conductors
60°C 75°C 90°C
Typee TBS, SA,
Types RHW, THHW, | SIS, FEP, FEPB, MI,
THW, THWN, XHHW, | RHH, RHW-2, THHN,
USE, ZW THHW, THW-2,
Typss TW, UF THWN-2, USE-2, XHH,
s XHHW., XHHW-2, ZW-2 |
Size AWG or COPPER XHHW, XHHW-2, ZW-2
kcmil
2.0 15 20 25
3.5 20 25 30
5.5 30 35 40
8 40 50 55
6 55 65 75
Use: 2 # 5.5 mm?2 type THWN 75°C 30
| 533 | Check a disconnecting means Is within sight of Inverter |

as Inverter disconnecting means

The source disconnecting means is within
sight from the Inverter, thus, can also function

B Ay

Suniight passes through the shcone walers in
t-wmooduuw-g loose elecuons
which flow into wires as Direct Current (DC)

16gether i & cOMBiInes Box 10
QuipUt Ihe correct System
voltage (VOG)

J AC Mains Panal and Mater
Your grid power consumpbion and
the power production from your PV
evay are metersd hesw.
| Net metering means you only pay
J the diffarance botween wial you
e use and what you produce.

DC Disconnect
Syslem shut-olf with circuit beeakers and
ground fault protection. Required by code
10 ensure that a¥ parts of system can be
desconnectad from all souwrces of power. AC output kom your inverter and AC
powar from the grid are combined here
wilh clzud breakers.

|_tevarter

Direct Cunent (DC) slectricity friom ihe PV Array
s converted to Altermnating Current (AC)
sacticity to supply e housa loacs and ved
energy biack 1o the grid

127
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| 5.3.3 | Check a disconnecting means Is within sight of Inverter

Service Point
1phasza, 2-Wire,
230 V, 60 Hz

Inverter Equipment Disconnecting Means '— Bi-D Matar

Sarvice Dizc Msans

AC Fesder

Source Di: ing Means I

The source disconnecting means, is not
within sight from the Inverter, thys,
Inverter disconnecting means is regyired

32

l 5.3.5 If Inverter disconnect is required, check the following
5.3.5a | Check cable enters the enclosure in approved fittings

GENERAL RULE
PEC 3.0.1.4 Protection Against Physical Damage.
Where subject to Physical damage, conductors,
raceways, and cables shall be protected.

33
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If Inverter Disconnect |s requlired, check the followlng
Check Inverter Disconnecting Means (IDC} is of the approve type
Simultaneously disconnect all ungrounded conductors
Externally operable without exposing operator to live parts
Shall indicate whether in the off or on position
Lockable in the off position
Readily Accessible

| 535 |
| 5.3.50

PEC 240.2.9 Accessibility
Overcurrent Devices shall be readily
accessible so that the center of the
grip of the operating handle, when its 20m
in the highest position, is not more
than 2.0m above the floor or working
platform

Floor

5.3.5 If Equipment disconnect is required, check the following
Check Warning Sign label.

5.3.5¢ |

" PHOTOVOLTAIC SYSTEM
AC DISCONNECT

DUAL POWER SUPPLY
SOMCES UPLITY G0 MO PV SOUM ELECTRE STSTiM

ELECTRIC SHOCK HAZARD

AAY ST ENERGIZTO N TWiE OPEN POSITION.

OPERATING VOLTAGE VOLTS

35
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| 337 At metering location, check the following |
5.3.7a Check REC meter is adjacent to Bi-D meter
5.3.7b Check REC meter wiring method is exposed RIGID metallic
5.3.7c Check REC meterDisconnect is approved type
3.3.7d = Check REC meter Disconnect enclosure is appropriate for intended location

ACCB: |
60A, 2P |

Bi-D meter D

Mema 3R o 100AT

3.3.7 At metering location, check the following
3.3.7e Check REC meter Disconnect OCPD trip rating, kKAIC is indicated
5.3.7fF Check REC meter Disconnect Warning Sign
3.3.79 Check EGC terminates at Service equipment ground terminal bar
ACCB: | ¢ .
: 60A, 2P [~ PHOTOVOLTAIC SYSTEM
AC DISCONNECT

DUAL POWER SUPPLY

AR Fy T Gl Ao Py dCLAA ELEC TR i i

ELECTRIC SHOCK HAZARD
B0AT, 2P 100AT N BT ol LM AND LCAD S
MAY B [NERGTTD N Tl 0PN POSITION
10KAIC

- OPERATING VOLTAGE _\-‘GJ'S
« | OPERATING CURRENT _ s |
« e —————

« et 4nx4n

jL
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| 3.3.7 ‘ At metering location, check the following
| 537 Check PV AC output is wired to loadside of OCPD

Service Disconnecting Means PV Source Disconnecting Means

38

| 5.3.9 | At Point of Interconnection, check the following
3.3.9a Check terminal lug at SDM is appropriate
5.3.9b Check SDM enclosure is approved type, in NEMA 3R
3.3.9c Check Equipment Grounding terminates at grounding Bus
5.3.9d Check grounding Electrode integrity

A

PEC 1.10.1.15(A)...Terminals.
i for one
conductor...shall be so
identified

Service Disconnecting
Means (SDM}
in NEMA 3R

PV Source Disconnecting Means
in NEMA 3R

39
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e | 5.3.11 | If P of 1 is at Loadside, Check Feeder ampacity is =SDM OCPD + 125% Output Current |

LOAD SIDE INTERCONNECTION GUIDELINES

PEC 7.51.12 (B)(1) Dedicated Overcurrent and Disconnect . Each
source Interconnection of one or more power sources Installed in ounce
system shall be made at a dedicated circuit breaker or fusible
disconnecting means.

PEC 751 12 (B)(2) Bus or Conductor Ampere Rating General Rule

Ampacity shall not be less than the sum of the primary source overcurrent
device and 125 percent of the power source output circuit current.

Feeder Ampacity = Rating of OCPD + 125% Inv. AC Output

15
Sample Problem 1 ‘
2-#4.0mm* THHNTHWN
1 - #8.0 mm? TW Ground
in 23 mm. dia. RSC (Amp. = 73 A}
- 5,000W
‘ ;m: :&?g;} = AC gl:tEEtTf %0A
70 AT
« v
70 AT, 2P —
___ 2 - #14.0 mm: THHNTHWN
\\ tl\\_ g inZSI ﬁmﬁ";:."r't'ﬂ:rﬁid?sm
Feeder Ampacity > Rating of OCPD + 125% Inv. AC Output
75 270+ 125% 20
75 > 70+ 25 (UNTRUE) 17
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Sample Problem 2 |

2-#30mm* THHWTHWN
1 - #8.0 mm? TW Ground
in 25 mm. dia. RSC [Amp. =115 A}

5,000W
INVERTER

_ == ACCB:
.. = RS 30, 2P = AC OQutput =20 A

100AT

il 2-#30 mm? THHN/THWN
| 1-#8.0 mm? TW Ground
g in 25 mm. dia. RNC {Amp. = 115 A)

.

Feeder Ampacity > Rating of OCPD + 125% Inv. AC Output
115 = 100 + 125% 20
115 > 100 + 25 (UNTRUE)
18
| 2.3.13 | If P of lis at Lineside, Check PV output OCPD is = OCPD Rating of the Service

LINE SIDE INTERCONNECTION GUIDELINES

PEC 7.5.1.12 (A) Supply Side. An electric power production source shall
be permitted to be connected to the supply side of the service
disconnecting means as permitted in 2.30.6.13(16). The sum of the ratings
of all overcurrent devices connected to power production sources shall not
exceed the rating of the service.

Ampere Rating of INVERTER (S) < Ampere Rating of SERVICE

22
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‘ SampH 3.3.13 |J|e|'r| 1 ‘ | If P of | is at Lineside, Check PV output OCPD is = OCPD Rating of the Service |

2-#4.0mm?* THHNTHWN
1-#8.0 mm* TW Ground
in 23 mm. dia. RSC (Amp. =73 A}

5,000W
INVERTER

ACCB:
_. s —— A2PC AC Output=20 A

LINE SIDE

70 AT

L 2-#14.0 mmz THHN/THWN
'a 1-#8.0 mm# TW Ground
7 in 25 mm. dia. ANC (Amp. =75 A}

Ampere Rating of Inverter(s) Ampere Rating of the Service

20A < 70 (TRUE)

LOAD SIDE

|A

23

Sample Problem 2 ‘ |5313 |  WPoflisat Lineside, Check PV output OCPD is < OCPD Rating of the Service |

2-#30mm* THHNTHWN
1 - #8.0 mmz TW Ground
in 25 mm. dia. RSC (Amp. = 115 A)

10,000W

ACCB INVERTER

.. e g - AC Output = 40 A

‘ —

100 AT, 2P —

Ll 2-#30 mm2 THHTHWN
| 'd 1 - #6.0 mm: TW Ground
- 7 in 25 mm. dia. ANC (Amp. = 115 &)

Ampere Rating of INVERTER (S) < Ampere Rating of SERVICE
40A < 100A (TRUE)

24
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Feeder Ampacity = Rating of OCPD + 125% Inv. AC Output

Size of Service | Allowable Ampacity Raing of Inverter | Rating of Inverter
Item No. Entrance/Feeder Table Rating of OCPD allowed for at allowed for

Type THHNTHWN 3.10.2.6(B)(16) oot e
1 # 8.0 mm2 55A 50 AT 4A or 920W
2 # 8.0 mm? 55 A 60 AT not allowed
3 # 14.0 mm?2 75A 70 AT 4A or 920W
4 # 14.0 mm?2 75A 75 AT not allowed
3 # 22 mm?2 95 A 100 AT not allowed
6 # 30 mm?2 115A 100 AT 12A or 2760W
7 # 38 mm? 130 A 125 AT 4A or 920W
8 # 50 mm?2 150 A 150 AT not allowed

19

Feeder Ampacity = Rating of OCPD + 125% Inv. AC Output

Size of Service Allowable Ampacity Rating of Inverter
ftem No. Type THHN/ Table RatngotOCPD , fon™
THwn  2-10:26(B)(18) Load Side

1 #8.0 mm2 55 A 50 AT 4A or 920W _
2 #8.0 mm2 55 A 60 AT not allowed _
3 #14.0 mm2 75 A 70AT  4A or 920W |70Aer 1610w
4 #14.0 mm2 75 A 75 AT notallowed |
5 #22 mm2 95 A 100AT  not allowed _
6 #30 mm2 115A 100 AT 12A or 2760W _
7 # 38 mm? 130 A 125AT  4A or 920W _
8 #50 mm2 150 A 150AT  notallowed |

CONCLUSION: THE CAPACITY OF A SOLAR PV SYSTEM THAT CAN BE
INTERCONNECTED 1S MUCH HIGHER WHEN THE POINT OF
INTERCONNECTION IS MADE AT THE LINE SIDE.

25
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