
Advanced Solar PV System Design

Comprehensive, easy?to?read notes for engineers, designers, and students

1. Overview

Aspect Description

Goal
Maximize energy yield, reliability, and economic return while meeting site?specific

constraints.

Scope
Sizing, layout, electrical design, thermal considerations, protection, monitoring, and

performance modelling for utility?scale and large commercial PV plants.

Key

Drivers

Solar resource, land/roof area, grid interconnection limits, budget, regulatory codes,

and long?term operation & maintenance (O&M) strategy.

2. Core Concepts

Concept Why It Matters Typical Design Metric

Irradiance &

Temperature

Determines the DC power of each

module.

Plane?of?Array (POA)

irradiance, NOCT

temperature.

Module Efficiency &

Temperature Coefficient

Affects how much power is produced per

unit area and how output changes with

temperature.

%/°C (e.g., –0.35?%/°C).

Inverter Efficiency

Curve

Impacts AC output and overall system

LCOE.

% at 25?% and 100?%

load.

System Losses
All non?idealities (soiling, wiring,

mismatch, etc.) reduce net yield.

Typical range 10?15?% for

well?designed plants.

Maximum Power Point

Tracking (MPPT)

Ensures modules operate at their optimal

voltage/current under varying conditions.

Number of MPPTs per

inverter, string?level

MPPT.
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Concept Why It Matters Typical Design Metric

Voltage Drop &

Conductor Sizing

Excessive drop reduces power and can

violate code limits.

??2?% voltage drop

(typical).

String Configuration &

Voltage Limits

Determines how many modules per string

and the overall system voltage.

Voc ??0.8?×?DC bus

rating (temperature?

adjusted).

Balance?of?System

(BOS) Components

Include combiner boxes, disconnects,

protection devices, monitoring, and

grounding.

Selected based on current,

voltage, fault level.

3. Design Workflow

1. Site Assessment

Collect GIS data, topography, shading analysis (3?D modeling), and meteorological

(TMY) data.

Identify usable area, orientation, tilt constraints, and access routes.

2. Energy Yield Targeting

Define annual energy production (kWh) or specific yield (kWh/kWp).

Use tools (e.g., PVSyst, SAM, Helioscope) to run baseline simulations.

3. Module & Inverter Selection

Choose modules based on efficiency, temperature coefficient, warranty, and cost.

Match inverter DC rating to module string voltage range and desired AC output.

4. String Design & Voltage Check

Calculate Voc,STC and Voc,low?temp for each string:

[ V_{oc,low} = V_{oc,STC}\times[1+\gamma_{V}\times(T_{low}-25^\
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