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Alex Pozhitkov, PhD studied physical 
chemistry and molecular biology (Moscow 
State University and Universität zu Köln). Alex 
worked in academia and in the private sector. 
He owns a small business, Buddyengineer, 
designing and manufacturing research 
equipment involving chemical engineering and 
electronics. Alex is a licensed amateur radio 
enthusiast, KM6MDU.

boB Gudgel devoted himself to electronics 
design and manufacturing of audio and medical 
electronics.  In 1994, boB worked at Trace 
Engineering/Xantrex designing renewable 
energy devices. Next, boB was part owner and 
designer at OutBack Power Systems and then 
MidNite Solar (Arlington, WA). boB is a licensed 
amateur radio operator, K7IQ.

The book you are about to read provides a step-by-step guide for 
building a renewable energy power plant at home. Our goal was 
to make the book as practical as possible. The material is intended 
for immediate application with a small amount of theory. Yet, the 
theory is important as a foundation that saves time and e� ort by 
disabusing the readers of potential misconceptions. Specifically, 
upon having a firm understanding of photovoltaic physics, you will 
not be inclined to fruitlessly search for 90% e� icient solar panels!

We want our readers to be the “doers”. If the book gets covered in 
grime and some pages become torn while you are building your 
power plant — this is the best compliment to us. The book covers 
solar and wind energy. Also, a curious power source based on 
manure is discussed as well, giving the doers an opportunity to 
further develop the manure fuel cell.

It is important to note that there are many companies o� ering 
installation of complete solar solutions. Upon installing the panels, 
the system is not owned by the customer. Therefore, there is no 
freedom for experimentation and optimization. Also, none can beat 
the cost of a DIY solution as well as the ultimate satisfaction.

All that is written here is a result of us building a renewable energy 
solution in Southern California. As the book was completed, the 
energy began flowing!

Renew
able Energy at H

om
e  •  A

lex Pozhitkov and boB
 G

udgel

Elektor International Media
www.elektor.com

books booksbooks books

SKU20747_COV_Renewable Energy at Home_v03.indd   Alle pagina'sSKU20747_COV_Renewable Energy at Home_v03.indd   Alle pagina's 10-01-2024   08:5610-01-2024   08:56





Renewable Energy  
at Home

A Hands-on Guide to Crafting 
Your Own Power Plant

●

Alex Pozhitkov and boB Gudgel

Renewable Energy At Home - UK.indd   3Renewable Energy At Home - UK.indd   3 19-12-2023   15:3219-12-2023   15:32



● 4

● This is an Elektor Publication. Elektor is the media brand of  
Elektor International Media B.V. 
PO Box 11, NL-6114-ZG  Susteren, The Netherlands 
Phone: +31 46 4389444

● All rights reserved. No part of this book may be reproduced in any material form, including photocopying, or 
storing in any medium by electronic means and whether or not transiently or incidentally to some other use of this 
publication, without the written permission of the copyright holder except in accordance with the provisions of the 
Copyright Designs and Patents Act 1988 or under the terms of a licence issued by the Copyright Licencing Agency 
Ltd., 90 Tottenham Court Road, London, England W1P 9HE. Applications for the copyright holder's permission to 
reproduce any part of the publication should be addressed to the publishers.

● Declaration

The author, editor, and publisher have used their best efforts in ensuring the correctness of the information contained 
in this book. They do not assume, and hereby disclaim, any liability to any party for any loss or damage caused by 
errors or omissions in this book, whether such errors or omissions result from negligence, accident or any other cause.
All the programs given in the book are Copyright of the Author and Elektor International Media. These programs 
may only be used for educational purposes. Written permission from the Author or Elektor must be obtained before 
any of these programs can be used for commercial purposes.

● British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library

●  ISBN 978-3-89576-590-2 Print 
ISBN 978-3-89576-591-9 eBook

●  © Copyright 2023: Elektor International Media B.V. 
Editor: Jan Buiting, MA 
Prepress Production: D-Vision, Julian van den Berg 
Print: Ipskamp Printing, Enschede (NL)

 

Elektor is the world's leading source of essential technical information and electronics products for pro engineers, 

electronics designers, and the companies seeking to engage them. Each day, our international team develops and delivers 

high-quality content - via a variety of media channels (including magazines, video, digital media, and social media) in 

several languages - relating to electronics design and DIY electronics. www.elektormagazine.com

Renewable Energy At Home - UK.indd   4Renewable Energy At Home - UK.indd   4 19-12-2023   15:3219-12-2023   15:32



Contents

● 5

Contents

For Whom is This Written? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

Tools, Skills, and Supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Learn CAD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Data Logger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Suppliers and Supplies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Book Organization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10

Chapter 1 • Helpful DIY Instruments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

Pi-logger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Pyranometer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

Chapter 2 • Power from the Sky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25

Theoretical Foundation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Garage Powerplant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Mounting Solar Panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

On the Roof . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

From Photons to Electrons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Chapter 3 • Wind Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46

Power in the Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

Turbine Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

Chapter 4 • Curious Power Sources  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55

Chapter 5 • Conduits and Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .60

Conduits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Lead-acid Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65

Appendix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67

Program: Voltread. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

Program: Voltlog. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Hybrid inverter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

Contents

Renewable Energy At Home - UK.indd   5Renewable Energy At Home - UK.indd   5 19-12-2023   15:3219-12-2023   15:32



Renewable Energy at Home

● 6

DS18B20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

SUVT Plexiglas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

LTC3108. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .109

Renewable Energy At Home - UK.indd   6Renewable Energy At Home - UK.indd   6 19-12-2023   15:3219-12-2023   15:32



● 7

For Whom is This Written?

Many books have already been written about various aspects of renewable energy, e.g., 
economic, political, etc. In addition, there are also books for the DIYers claiming to guide 
creating an off-grid solar energy powered house. The book you are reading now was written 
while we created a garage and a deck "power plants" from scratch. We present actual steps 
and considerations relevant to establishing your own energy independence together with 
some revealing experiments along the way.

We speak to the experimenters and geeks who would like to play with their renewable en-
ergy setup, learn fundamentals experimentally and ultimately build their own unique solu-
tion. The readers are encouraged to follow the projects described here and produce their 
own variations specific to their locations / circumstances. Some of the experiments and 
projects may sound like reinvention of a wheel, however we firmly believe that it is okay to 
re-invent and make a couple of wheels in someone’s lifetime if it provides the experience 
and in-depth understanding of the subject.

Finally, our intention was not to simply rephrase information from various sources to fill up 
the pages, but rather create a new hands-on experience that will grow on its own. Where 
appropriate, we provide references to published literature and stable (hopefully) web re-
sources for additional information for those who are interested.
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Tools, Skills, and Supplies

Learn CAD
Creating your own renewable energy power plant requires serious attitude and attention 
to details. Even if you are not an engineer, you will have to become one, at least partially. 
Hence, planning your design will require some CAD work. We are not talking about thou-
sands of dollars CAD software, rather there are wonderful CAD products like DesignSpark 
Mechanical (DSM). There are multiple video tutorials bringing you up to speed with CAD. 
For any DIY engineer, CAD is simply indispensable. All designs described in this book are 
accompanied by DSM files.

Data Logger
We will be evaluating the performance of our solar and wind setups in terms of voltage 
and current output. Also, we will monitor the amount of solar light as a function of time in 
our specific location. Moderately sophisticated charge controllers will provide data logging, 
some of which will even allow online monitoring. Nevertheless, monitoring the wind turbine 
performance or measuring the amount of solar energy requires a separate data logger. 
There are professional expensive data loggers providing several channels for voltage and 
current logging. Here we suggest a cheaper and more creative solution based on Raspberry 
Pi single board computer (https://www.raspberrypi.com/). Specifically, we used Raspberry 
Pi Zero 2W, which is a very small single board computer with Wi-Fi. Further in the book we 
provided details about setting up and deploying the data logger. Before that, learn some 
basics of Linux!

Tools
One wise man’s words: "with appropriate tools one could achieve virtually anything". We 
highly recommend investing in a set of tools. There is nothing more frustrating than work-
ing with inadequate equipment. Please, do not attempt assembling a project holding parts 
in the air or with your feet!  Get yourself a drill press, hand drill with a hammer mode, 
impact driver, a set of "number" drill bits, tap, die, jigsaw, angle grinder, belt grinder and 
a circular saw. All of these can be purchased over time from a home improvement stores 
relatively inexpensively.

Suppliers and Supplies
Home improvement stores like Home Depot, Lowe’s (USA) or Bauhaus (Germany) are 
filled with great items like pipes, fasteners, metal angles, sheets and rods, conduits, wires 
as well as tools and consumables. Besides the usual online shopping, e.g., Amazon, also 
consider industrial suppliers such as McMaster-Carr, Grainger, Online Metals (ThyssenKrupp 
AG). These suppliers have an incredible assortment of fasteners, wires, raw materials, 
chemicals, and tools. For the electronic components, consider Digi-Key, Mouser and Conrad 
Elektronik.

References
There is a very useful "Pocket Reference" book (1) that provides invaluable information 
on fasteners and corresponding hole sizes, ampacity of wires, material properties, etc. It 
is best to avoid the choice of materials and fasteners based on feelings, rather than on 
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well-established standards. These standards came about through trial and error, and in 
this case the re-invention of the wheel is not helpful. After all, inadequate fasteners may 
corrode or be not strong enough resulting in a collapse of your solar or wind energy setup. 

Book Organization
The fist chapter of the book proposes two DIY instruments, which we will use while building 
our renewable energy system. These instruments perhaps may be replaced with the off-
the shelf analogs, however building, and using our own may enrich the whole experience. 
The following chapter is devoted to photovoltaics, from theory to the actual garage "power 
plant". The fourth chapter deals with wind energy and a small wind turbine, which can be 
placed on the roof or deck. Another chapter describes curious power sources and suggests 
building a microbial cell battery based on rabbit manure. The manure battery is quite weak, 
however playing around with such power sources may be inspirational for curious research-
ers. The last chapter discusses technical aspects of wiring and battery recovery.
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Abbreviations

ABS – acrylonitrile butadiene styrene
Ah – ampère-hour (capacity)
ADC – analog to digital converter 
AM – air mass coefficient
FET – field effect transistor
JAE – Japan Aviation Electronics
I – current 
MPP – maximum power point
PV – photovoltaic
RPM – revolutions per minute
SMPSU – switch mode power supply unit
V – voltage
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Chapter 1 • Helpful DIY Instruments

Pi-logger
A data logger can be very helpful to investigate the performance of our power plant, wheth-
er it is a microbial power source, solar panels, or a wind turbine. Specifically, the data log-
ger is used for measuring the amount of solar radiation (i.e., insolation) by a pyranometer, 
as discussed in the photovoltaics chapter. Also, the wind turbine presented in the following 
chapter can be optimized based on the measurements obtained by the logger. There are 
many professional data loggers available on the market, which are capable of measuring 
voltage and current across several channels. These solutions are quite expensive and do 
not seem to offer a "1-wire" interface, which is used for temperature measurements among 
other things. Here we propose a data logger, the "Pi-logger" based on Raspberry Pi Zero 
2W single board computer, featuring Wi-Fi as well as several analog and digital inputs. The 
schematic of the Pi-logger along with actual implementation is shown in Figure 1.

The Pi-logger runs Linux operating system (OS). Raspberry Pi web pages provide step by 
step instructions about the installation and configuration of the OS. Briefly, a microSD card 
must be loaded with a bootable Linux ISO image using the Rufus software. There is also 
a Raspberry Pi imager software that serves the same purpose. The Linux image may be 
obtained from the Ubuntu or Raspberry Pi web sites. Choose the Linux installation without 
the desktop because the Pi-logger works with text-based interface, while graphics pose 
unnecessary complications. During the installation, it is important to have the keyboard 
and monitor connected to see the progress, to create an admin account and provide Wi-Fi 
settings. After the installation, the Raspberry Pi will be used "headless", i.e., only using the 
terminal software over the network. To make the system up to date, run

sudo apt update
sudo full-upgrade
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