MONTANA STATE UNIVERSITY

Department of Mechanical and Industrial Engineering
ETME 470: Renewable Energy Applications
Residential Photovoltaic System
Final Report
By

Montana Marks

Department of Mechanical Engineering, Montana State University, Bozeman, MT 59717

May 3, 2018



Introduction

This document entails the analysis and design of a residential photovoltaic
system. The system will be designed to meet at least 80% of the average yearly home
power consumption. Located near Santa Fe New Mexico, the site location is positioned
precisely at coordinates 5°39'20.2"N 105°53'45.5"W. In the sections to come, the
location, system design, and cost analysis will be discussed in detail. Along with these
aspects, a full system design will be presented which will include, parts list, drawings,
and wiring schematic.

Location Assessment

The location to be analyzed is located approximately 3.3 miles Southeast of
Santa Fe New Mexico. Based on the information obtained from Google maps, the
location appears to have a flat topped roof, and minimal tree cover. Data from NREL’s
Renewable Resource Data Center data was examined and tabulated in table 1, and is
used in order to asses the available energy resources near the site. This data is based
on the data collected from the nearest location, which in this case is the Santa Fe
County Municipal Airport. Although this data was not acquired from our exact location, it
is still close enough approximation that we can make an accurate assessment of the
available resources. Along with this data, NREL’s PVWatts calculator was used to aid in
determining the size of the system needed to meet at least 80% of the locations
average monthly usage.

Due to the large available surface area of the roof there are multiple options on
where to place the array. As seen in figure 1, the decided location of the array will be
installed on the center roof location. This location can be seen in figure 1. This is
chosen because of the ability of the array to span from east to west.



Table 1: Usage/Solar Stats.

Usage Stats

Average Monthly Usage for New Mexico (kWh) 635
Average Energy Price for New Mexico (Cents/kWh) 12.47
Average Monthly Bill (Dollars and Cents) $79.18
Average Daily Usage (kWh) 20.82
Solar Stats

Longitudinal Location (deg-N) 35
Direct Normal Irradiance (kWh/sg.m./day) 6.3418
Global Horizontal Irradiance (kWh/sg.m./day) 5.13655
Average Sun Hours Per Day 6.8
Azimuth (deg) 180
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Figure 1. Proposed System Location




System Design

In order to insure the system meets the specifications stated above, the
estimated output of the system was calculated using the PVWatts online tool. The
results from this calculation can be seen in figure A.1. Due to individual panel output the
system has been designed with a slightly larger output than needed to meet the 80%
goal, with the total expected output of the system to account for 89% of energy needs.
Each panel accounts for roughly 11% of the energy needs, by reducing the panel
amount by 1 would drop the output to roughly 78% percent of the needs, therefore it
was determined that it would be better to increase the panel count and allow for a
system that would account for a larger share of the energy. This decision is made to
allow for any unexpected system losses such as, panel degradation due to age, error in
solar data, and various other unforeseen system losses.

Seen below in table 2 is an itemized list of system components. These
components were chosen to allow for high performance and ease of install. Along with a
List of components, is a detailed design drawing and wiring diagram. Due to the
latitudinal location of the site, a panel tilt angle of 20° was selected. This angle allows for
an optimized direct solar irradiation on the panels throughout the year (figure 2).

Table 2: Component Information

Unit

Part Description Quantity Price Part No.
Panasonic Photovoltaic Panel 12 $332.00 VBHN315kA0O1
Siemens DC Solar Disconnect Switch 1 $169.22 HNF362PV
SolarEdge Grid Tie Inverter 1 $1,399.00 | SE5000H-USRGM
Siemens 60 Amp Non-Fusible AC Disconnect 1 $20.61 WF2060U
Link Solar Adjustable PV Panel Mounts 12 $99.99 BO71CTVYNN
SouthWire 3 Black Stranded CU SIMpull THHN Wire | 200 (ft) $1.44 SW-24346999
SouthWire 10 Black Stranded CU THHN Wire 100 (ft) $0.51 SW-22973299
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Figure 2. Direct Radiation Vs. Day

Figure 3. Panel Drawing.




Figure 4. Array Placement on Roof
Grid-Tied PV System

Photovoltaic Amay: Four modules
connected in series shown
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Figure 5. System Wiring Diagram.




Cost Analysis

Along with the design, a detailed cost analysis was conducted on the system.
The analysis included such things as, cost of all system components, estimated cost of
installation, and estimated tax brakes and subsidies. These figures, along with an
estimated return on investment are tabulated in Table 3. The Return on investment is
calculated based on the estimated annual system output and energy cost. The
installation cost is estimated to cost approximately 0.33 $/Watt this estimation is based

off of NREL’s US Photovoltaic Cost Breakdown.

Table 3: Cost Analysis

Part Description Quantity | Unit Price Total Cost
Panasonic VBHN315kAO1 12 $332.00 $4,020.89
DC Solar Disconnect Switch 1 $169.22 $169.22
SOLAREDGE SE5000H-USRGM GRID TIE 1 $1,399.00 $1,399.00
INVERTER

Siemens WF2060U 60 Amp Non-Fusible AC 1 $20.61 $20.61
Disconnect

Mounts 12 $99.99 $1,210.99
SouthWire 3 Black Stranded CU SIMpull THHN 200 $1.44 $288.00
Wire

SouthWire 10 Black Stranded CU THHN Wire | 100 $0.51 $51.00
Install ($/Watt) 3815 $0.33 $1,258.95
Tax Incentives/Subsities 20% of cost 1 -$1,626.13 -$1,626.13
Total System Cost $6,483.92
Estimated Return on Investment (Years) 7.8




Executive Summary

Overall this location is well suited for a photovoltaic system. With its flat large
roof, it has the capability to incorporate a large array of panels. Furthermore, the desert
location and low latitude allows for large amounts of available power. Due to the desert
location, the array will be capable of offsetting large amounts of power due to a large
majority of power usage going to indoor climate control. This means that during days
when the residence will be using Air Conditioning there will likely be large amounts of
available solar energy.

The Proposed System will be capable of providing approximately 89% of the
annual energy usage. With the system costing an estimated $6,484, and the average
price per kilowatt around $0.12 per kWh, the system should pay for itself in about 7.8
years.
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Figure A.2. Solar Panel Specifications
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