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1. Introduction

In the last year Energy Costs have soared tremendously for all businesses, in the region of 300% for UK Windows and Doors Group - for the 1 year from September 2021 to September 2022. For this reason, Energy Saving projects have been proposed in all the 6 UK Windows and Doors Group sites in the UK. For any Cost Saving project, the actual costs need to be identified to assess where the opportunities for saving are. The sites have access to the overall energy consumption per site, but do not have the circuit level data to indicate the areas to prioritise. Energy Monitoring is required to deliver this data. Williamstown site has been chosen to research and trial Energy monitoring systems due to the higher level of energy usage compared to another site.

The research into Energy monitoring systems has initiated discussion points for technology. Originally a wired system was considered, but the size of the Williamstown site would mean long cable runs. Wi-fi systems have also been considered but would potentially interfere with communications between equipment – Information Technology equipment limitations have restricted the bandwidth at the Williamstown site, giving priority to machinery instruction data transfer. 

Alternative technology has been investigated such as Low Power Wide Area Network (LPWAN) devices. LPWAN utilises lower data rates to communicate with battery powered devices over long distances. These devices would require limited wiring and transmit data over long distances with lower energy to power end devices. This low power and long range is achieved by using lower data rates.

As a comparison Wi-fi can support data transfer rates of 450Mbps – 600Mbps in a 2.4GHz frequency Band, and up to 1300 Mbps in a 5GHz frequency band. LPWAN technologies being investigated require data transfer rates of approximately 3 – 400Kbps. With the limitations on bandwidth LPWAN would be a more suitable solution to Wi-fi.
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(Kais Mekki, 2019)
Data rate versus Range comparison

LPWAN is termed as an IoT (Internet of Things) technology, and devices include Smart meters for Gas and Electricity metering which can be used for Energy monitoring at UKWDG. There are several types of LPWAN technologies such as LoRaWAN, Sig-fox, NB-IoT (NB – Narrow Band), LTE-M and Zigbee, all developed by different manufacturers, and operate in different ways. 

Access to LPWAN devices is limited, local electrical suppliers do not stock such items, or understand what LPWAN is. Original Equipment Manufacturers (OEMs) Sales agents from Lovato and Rockwell do not understand what this technology is, or were aware of any devices in their ranges,

This Research Proposal is triggered by the need for a Smart energy metering solution, and which LPWAN technology to use. Mainstream OEMs do not have or are not actively promoting LPWAN – which reduces options for local support to understand and develop the project using LPWAN devices. This would also indicate that other local SMEs do not use LPWAN technology.

The following discussion points will be basis of this Research Project, to understand which technology suits UKWDG, why the large OEMs do not actively promote LPWAN and do other local manufacturers use this technology:
· Which is the best LPWAN technology?
· Has LPWAN been adopted by the larger Equipment Manufacturers?
· Why is it not commonly used in SMEs in the UK?
Goal - output of the Research should provide clarity for these questions and provide an insight into how these technologies can be used. 

Secondary Goal - a guide to understand and adopt LPWAN, with the understanding of the technology, sources and support available and references of where it is used. 

2. Basic Research / Literature Review

To aid this discussion Research papers, books and internet research have been undertaken. Discussions with UK Industrial supply partners and OEMs have been conducted to evaluate their understanding and potential product ranges available.
Which is the best LPWAN technology?
To understand what types of LPWAN technology is available there are several research papers, reports, blogs, and website discussing the features and benefits. 3 are reviewed below to deliver background information to LPWAN technologies, and the discussions around it.
“Overview of Cellular LPWAN Technologies for IoT Deployment: Sigfox, LoRaWAN, and NB-IoT” 
(Kais Mekki, 2019)

A report published in 2018 discusses 3 LPWAN technologies focussing on their features and benefits. 
· The paper introduces the idea that Internet of Things (IoT) requires long range communication, low energy usage and cost effectiveness. LPWAN has emerged from this requirement to deliver this specification. The paper goes further into explaining the technology behind each of the 3 LPWAN technologies, to determine the which is suited to different situations. 
· Sigfox was developed was developed in 2010 by Sigfox and uses an ultra-narrow band of 100Hz at a maximum data rate of 100bps to achieve a very low power consumption, low-cost design, and highly sensitive receivers.
· LoRaWAN was firstly developed by the start-up Cycleo and then purchased by Semtech. LoRa-Alliance standardized LoRaWAN in 2015 using spread spectrum technology called chirp spread spectrums (CSS) to transmit data across the bandwidth. Higher spread factors provide longer transmission ranges and low data rates. LoRaWAN is a fully bi-directional communication and has different Classes to address different latency requirements for IoT applications, with the LoRa-Alliance developing further versions.
· NB-IoT is an LPWAN technology that is based on narrow band radio technology, standardized by the 3rd Generation Partnership Project (3GPP), and published in 2016. It is based on the LTE protocol (Long Term Evolution) – which incorporate licensed frequency bands. It differs by transmitting at lower data rates and with less frequency to keep the IoT end devices simpler, less cost and using less energy.
· The paper compares the 3 technologies by IoT factors such as Quality of Service, Battery life, latency, scalability, payload length, range, and costs, as below:
[image: ] (Kais Mekki, 2019)
· Each factor offers a different technology as a recommendation, for example Costs – End device costs for NB-IoT are >20Euros, whereas LoRaWan is 3-5Euro. Payload – NB-IoT can transmit data of up to 1600 bytes, whereas Sigfox limited to 12 bytes.
· The next section of the paper describes example applications, such as Electric metering, Smart Building and Pallet Tracking. Each example being suited to a different technology. Electric metering – NB-IoT recommended due to higher data rates and frequent communication. Smart Building – Sigfox or LoRaWAN – temperature and humidity sensors do not need quality of service or frequent communications. Pallet Tracking advising LoRaWAN due to low cost, long battery life and reliable mobile communication.
· The paper concludes by stating that all 3 have a place in IoT applications due to their different technology suiting different situations.
(Kais Mekki, 2019)
References = 26.
Location of authors - Research Centre for Automatic Control of Nancy, Campus Sciences, BP 70239, Vandoeuvre, 54506, France

The report referenced above “Overview of Cellular LPWAN Technologies for IoT Deployment: Sigfox, LoRaWAN, and NB-IoT” is concise in selecting only 3 of the LPWAN technologies to discuss. Key information gives an understanding of the technology, with comparisons of IoT factors giving context to the strengths and weaknesses of Sigfox, LoRaWAN and NB-IoT. Application comparison is also useful, as this Research Proposal was conceived by the need for Energy Metering, a recommendation is advised – NB-IoT
With a goal for the Proposed research to guide and understand LPWAN, the report is highly technical, requiring further research into LTE, GSM, LoRaWan Class A/B/C, base stations, and frequency modulation to enable a basic understanding.
The wide range of referencing – from journals to websites indicates thorough research, and a wide range of information available.
“Smart Energy Metering using LPWAN IoT Technology”  
(Shobhit Jain, 2018)
· This report focusses on Smart solutions to solve the problem of growing electricity demand. With the advancements in IoT networks that include smart meters there is an opportunity to monitor consumption behaviour of customers to help manage the grid. Smart grids are important for developed countries by enabling more efficient operating and reduced costs. Developing countries are limited to adopt similar infrastructure due to cost, but new technologies are being trialled in India, using cellular and non-cellular IoT solutions as a proof of concept. The report is based on the application of new technology on a current energy meter setup in a developing country which can communicate in real-time. A rural area’s energy meters are expected to be connected with low power, long range, and low cost. The solution proposed is LPWAN for the Smart metering solution.
· With the problem statement defined the technology is explained with LPWAN data transmission using low power, long range, and optimum costs. LPWAN technology is suitable for connecting devices that need to send small amounts of data over a long range with a long battery life. This application is useful when other wireless networks such as Bluetooth and Wi-fi are not suited for long range communications.
· LoRaWAN and Sigfox are judged to be the prime competitors, but LoRaWAN is the technology used in this scenario. Networks such as Wi-fi and Bluetooth are already established but power consumption and higher cost has directed this LoRaWAN trial for the Smart metering communication network.
· The trial is based on the communication technology, rather than end devices. As below the LoRa Module to LoRa gateway is the focus.
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· The energy meters are wired into the LoRa module. The module converts the data from the meter and transmits to the LoRa Gateway, which uploads to the Ericsson Cloud (Eri Cloud). The data is transferred to the micro controller and the web page which customers can access, as below:
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(Shobhit Jain, 2018)
· The dashboard displays real time updates from the LoRa gateway through the Ericsson cloud, resulting in consumers being able to track their usage.
· The report concludes with the confirmation of the prototype LoRa implementation being successful in enabling a smart metering solution without changing the existing setup with very little investment.
(Shobhit Jain, 2018)
The report does focus on the communication of the data and addresses the monitoring aspect of energy control – to control energy usage data is required to highlight opportunities for improvement. It does provide basic background of LPWAN technologies, which enables a good understanding, without the need for further research.
“Smart Energy Metering using LPWAN IoT Technology” does address an energy metering upgrade, with the use of an LPWAN – LoRaWAN. The project does limit itself to the display of data, missing the opportunity for LPWAN end devices. It also does not indicate why LoRaWAN was selected over Sigfox. 
References = 14
Location of authors - Central Power Research Institute Bangalore, India / ERNET Chennai India / Ericsson Research Chennai, India

“An Internet of Energy Things Based on Wireless LPWAN”
(Yonghua Songa, 2017)
· This article investigates LPWAN technologies in response to environmental pressure for the global energy sector to transition towards clean and sustainable development. In 2016 China’s government set new policies to combine the Internet with smart energy to demonstrate clean energy technologies. An energy system utilising renewable energies requires accurate data tracking. Renewable energy has great variation, and these variations need to be monitored, communicated, and processed. This forms part of a Smart grid. The Smart grid requires a robust communication to work effectively, with the need to used data from all levels of the grid, from the HV power distribution level to the low voltage end user level. With such a complex communication network required this article explores LPWAN and compares it to GPRS (such as 3G and 4G mobile communications) and area IoT technology such as Wi-fi and Zigbee.
· NB-IoT and LoRaWAN have been selected as LPWAN technologies for this article, with focus on the energy efficiency, scalability, and coverage. 
· LoRaWan has the benefit of operating in the sub-GHz unlicensed frequency band which makes the LoRa network open to customers who do not have authorisation from radio frequency regulators. This allows deployment over a range covering several kilometres with minimum investment. It is referenced that the telecom operator KPN has deployed a LoRa network that covers the whole of the Netherlands. 
· NB-IoT is designed to work on existing GSM and LTE networks in licensed frequency bands, and is referenced as being supported by telecom manufacturers such as Nokia
· NB-IoT and LoRaWAN comparisons refer to power consumption, latency, communication distance and data rates, as below
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(Yonghua Songa, 2017)
· Benefit of LPWAN over GPRS is low power consumption. Benefit over Zigbee and Wi-fi is distance. Another benefit is the network architecture. As below the simpler architecture of LPWAN allows a more flexible and lower costing network
[image: Diagram
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(Yonghua Songa, 2017)
· LPWAN transmission layer established wireless communications between end devices and the cloud platform. This allows a wider geographical spread as LAN (Local area networks) are not required. 
· The applications for the energy grid would use the 2 types of LPWAN technologies for different situations. For rural areas without licensed cellular coverage LoRa network is most suitable, using a star topology to connect end devices to a single base station (BS)
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(Yonghua Songa, 2017)
· As above, the Base Station would be installed in a substation to communicate with renewable energy equipment, such as PV (Photo Voltaic) panels and wind farms.
· NB-IoT would be more suited to a city, with licensed cellular networks. End devices would use the NB-IoT network to communicate with the cloud centre:
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(Yonghua Songa, 2017)
· The cloud centre communicates with EVs (electric vehicles) and home appliances throughout the city via the NB-IoT network.
· The article concludes with the recommendation of LPWAN to enable higher integration of renewable energies in energy systems. The long range, low cost, and benefits allows extensive connections of energy devices using wireless to cloud architecture with low cost and without expert knowledge.
(Yonghua Songa, 2017)
References = 51
Location of authors - Center of Internet of Energy Things, Tsinghua-Sichuan Energy Internet Institution, Chengdu 610213, China
This article prescribes LPWAN as a solution to interconnect energy systems. With a similar origin for research as this proposal, energy data is key to controlling usage and the grid requirements.
The selection of LoRaWAN and NB-IoT narrows the research but indicates that these are prominent LPWAN technologies.
51 references show credible research and an article that can be used to help determine which LPWAN is the best solution.
Has LPWAN been adopted by the larger Equipment Manufacturers?
Devices are not widely available from larger OEMs such as Rockwell, Lovato, Schneider.
· Discussions with Sales Managers from Schneider Electric and website research indicated zero LPWAN products in its UK range. (Schneider Electric, 2022)
· Discussions with Sales Managers from Rockwell Automation and website research indicated zero products in its UK range. (Rockwell Automation Inc, 2022)
· Discussions with Sales Managers from Lovato Electric and website research indicated zero products in its UK range. (Lovato Electric, 2022)
Despite not having any available products the Schneider website does contain a blog article – 
“4 Considerations When Selecting LPWAN Technologies for Electrical Distribution Building-to-Cloud Connections”, which explains what LPWAN is and states that these technologies are more prevalent in some geographies more than others. NB-IoT is popular in China, and LTE-M is prominent in the Americas.
(Burger, 2021)

The fact that Schneider have a blog form 2021 shows that they are fully aware of the technology, acknowledging that NB-IoT is popular in China.

Why is it not commonly used in SMEs in the UK?
As above the larger OEMs do not have products to purchase and install. The RS Components Catalogue has 32 products in its offering, with smaller, specialist manufacturers such as RF Solutions and Murata  (RS Components, 2022)
Without products for SMEs to purchase and implement LPWAN is limited in the UK.
The articles/papers reviewed in Which is the best LPWAN technology? are from France, India, and China. Both articles from India and China are triggered by growing electricity demand, and the need to measure energy in a wide area, for the least cost possible. China’s government implemented policies, thus creating the importance to invest in LPWAN to utilise its benefits to control energy usage.
‘Internetofbusiness.com’ has a guest opinion – “Lack of national LPWAN rollout leaves UK in a Catch -22”.

· Internet of Business conducted an exclusive Question & Answer interview with Alex Ghulak, head of technology and IoT lead at ‘Digital Catapult’

· Alex discusses the importance of developing the IoT sector – connecting objects such as vehicles, manufacturing system and home appliances to the digital world to track, monitor and manage remotely. He states that many IoT solutions need to connect over large distances using little energy, which is where LPWAN infrastructure can help.

· Alex explains that the UK is lagging its global counterparts in LPWAN development. Sigfox was developed in France in 2009, and China’s government has prioritised the technology, NB-IoT. He mentions that the UK has experienced false starts with a plan for Sigfox being scrapped. High competition among operators has slowed the rollout due to fears of risk to the current M2M (Machine to Machine) business.

· Alex states that there is a stalemate between mobile operators and the technology developers. Investment is required to implement the infrastructure, pending a ready market. The market can’t be proved until the infrastructure is in place (‘No network without demand, no demand without network). This is something the UK need to overcome, to catch up with the Netherlands, Germany, Ireland, and Spain.

· Digital Catapult has been working with IoT businesses to develop products and services by providing the LPWAN infrastructure. Early adopters in industries such as city councils and utility companies are ready to engage in LPWAN technology pilots due to the efforts of the Things Connected programme. Commercial network rollouts are expected, with Vodafone ready to launch NB IoT.
(Cambridge Innovation Institute, 2018)

Alex Ghulak’s interview gives a credible insight to why SMEs in the UK do not use LPWAN – it is not fully realised, and slow to progress, due to the caution to invest. It has needed guidance from companies such as Digital Catapult to encourage trials and development of LPWAN technology in the UK. An example that China’s government prioritised it gives clear direction to implement LPWAN technology, focusses companies to invest, and accelerate development.



3. Methods

The methods of research would be tailored to the area of research
Which is the best LPWAN technology?
To evaluate the best solution the following methods will be used:

Research and Referencing

· Further research will be conducted into Journal articles, Research reports and previous investigations into LPWAN technologies. The 3 articles reviewed earlier all give different solutions, depending on the application, so narrowing the research to Energy Monitoring devices would allow more concise research. The range of 14, 26 and 51 references indicate there is an abundance of written information to explore to validate the best solution. Research would be based on the following factors:
· Most popular LPWAN technology
· IoT Factors – Range, coverage, device lifetime, scalability, payload, quality of service and cost
· Technology resource – availability, resource for support and training, lifecycle.

Examples of research outputs:
· A Costing study will be conducted to realise the actual cost, with which the benefit can be compared to. Below compares cost factors such as Equipment, Installation, and maintenance costs, among others:
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(Mohammad Istiak Hossain, 2021)



· A specification study would be conducted with available technology:

[image: Table
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(Mohammad Istiak Hossain, 2021)

Collaboration with technology partners

· Local technology partners will be included in investigation and trials. Control 2k are a local technology partner who specialise in control technology training and operate training courses in Industry 4.0 / LPWAN. Their training workshops and industry experts will be engaged to trial more complex LPWAN systems. UKWDG collaborate with Control2k for development projects across all sites in the group.
(Control2K Limited, 2022)

Practical trials

· With the support of Control2K Physical trials will be performed to test the available technologies. Specifications quoted in research documents may reference devices that are not available, so real time trials of available equipment will validate the specification. These trials would also assess the ease of use for devices shown below:
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(RS Components Ltd, 2022)
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(Alliot, 2022)

Has LPWAN been adopted by the larger Equipment Manufacturers?
Methods of research for this aspect of the research project will include the following
Referencing and Research
· OEMs websites referencing – Schneider / Rockwell / Lovato, etc. 
· OEMs will be limited to 10 and selected in order of Turnover.
Interviews

· UK supply partners and OEMs will be interviewed to evaluate their understanding and potential product ranges available. UKWDG use several direct OEMs, giving access to supplier partners with whom interviews can be conducted.
· Interviews will be conducted with known equipment supplier partners using a standardised survey to ensure consistency to enable statistical review.
· 
Technology Trade shows 

· Trade shows will be attended, where the next generation of product offering will be on display, giving a point of reference for the industry. An example would be the IOT Tech Expo based in London, where key industries from across the globe will be brought together for two days of exhibitions, presentations, and discussions about IoT.  (TechEx Media Ltd, 2022)
· Trade shows often exhibit the next generation of equipment, which will indicate which LPWAN technology is most prominent. Most of the research literature reviewed in Basic Research are a few years old, so an up-to-date education could answer the Research question more efficiently.
Why is it not commonly used in SMEs in the UK?
Methods of research for this query will include:
Research and Referencing
· Further research will be conducted into Journal articles, Research reports and previous investigations into LPWAN technologies in SMEs in the UK. The Internetofbusiness.com article gave an insight from an industry expert Alex Ghulak, indicating this research query is a topic of interest.
· Case Studies are to be referenced of ‘early adopters’ who have implemented the technology.
· Explore LPWAN technology used in SMEs outside of the UK. Basic research has already indicated France, China and the Netherlands are key adopters of the technology. 

Interview 
· Internal technical personnel – awareness, knowledge, and experience of LPWAN technologies
· 5 personnel will be interviewed with a standardised survey to ensure consistency to enable statistical review
· External technical personnel in other SMEs - awareness, knowledge, and experience of LPWAN technologies.
· 5 personnel will be interviewed with a standardised survey to ensure consistency to enable statistical review
There are Market research partners such as IoT Analytics that provide data that will validate the research output such as below:
[image: LPWAN Market 2021]
(Pasqua, 2021)
The Market snapshot contains global information for all 3 aspects of the project – LPWAN technology share (popularity), which regions use the technology, and companies that service or manufacture LPWAN technology. This can be referenced to guide the local and UK queries posed.



4. Results

Following the methods deployed the expectation is as follows:
Which is the best LPWAN technology?
· Basic Research has shown differing opinions as to which LPWAN technology is the best solution. It may be that the preferred technology depends on the application. Therefore, there could be 2 potential outcomes from this study
· 1 LPWAN technology that will be the best solution, proved by Popularity, IoT Factor comparison and availability of technology, displayed as statistical information.
Or
· Application dependant preferences. There may not be a ‘one size fits all’, so a range of applications and preferred LPWAN solutions can be explained.

Has LPWAN been adopted by the larger Equipment Manufacturers?
· Expected results would include listed products available from the 10 chosen suppliers
· Interview results will give evidence of the OEM commitment to LPWAN technology. Either currently in use, in development, or a technology that will not be offered at all. Statistical scoring would be displayed for each standard interview question. Opinion statements will also be recorded for their personal recommendation.
· Trade Show output will give an insight into current and future technology developments. A review report will be written to summarise the event.
Why is it not commonly used in SMEs in the UK?
· Research and Case studies for the UK market, and outside the UK market will provide reasons for this query, in the form of reports for the ‘early adopters’ and statistical data for the SME use outside the UK.
· Interviews with technical personnel will give an insight into the knowledge and understanding at user level. The interviews will provide statistical data from standard survey questions, and a report on the knowledge gap, with recommendations of how to close it.


5. Evaluation

The research proposed is triggered by a current requirement for UKWDG. Each aspect, or query are originated from the lack of awareness of LPWAN technology in UKWDG and UK SMEs. Large, highly advanced Enterprises have more resources to research, develop, fund, and implement the newest technology on the market, which most SMEs do not have. This research should give UKWDG the knowledge, skills, and solution to implement LPWAN technology, initially for Energy Monitoring.

The practical implementation will prove the knowledge of the below framework, from device to gateway (LPWAN transmission) to cloud platform, with the best solution available. A working model will deliver the energy data required and be a pilot to copy at other sites in the company.
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Consideration must also be given to the levels of influence (economic, political, social) into why the technology is not as engaged as other countries. This factor also applies to other technologies, which makes it important to understand the UK technology market.
A secondary output of this project will be to provide a learning document for other sites in UKWDG and other SMEs. Basic Research, including discussions with local SMEs, indicate that there is a lack of awareness, and skill level to conduct similar research and development. This project can act as preliminary research and development for others who wish to implement LPWAN technology.

A possible outcome could be that LPWAN technology is not even a solution. With it not being in widespread use in the UK, it may be overtaken by another technology. If so, a secondary research project would be required to evaluate future technologies.
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The Netvox 250A 3 phase current meter
with split core is used to detect three
phase electrical input current.

1 Add to Quote

SKU: R718N325 Categories:




image17.png
2 10T ANALYTICS

October 2021

Your Global loT Market Research Partner

Market Snapshot: LPWAN Market 2021

Market Size

Global installed base of LPWAN-enabled active devices

[in million]
pagl

660

2021

2026

Technology Share

Technological distribution of the installed base in 2021

NB-loT 47%
LoRa
LTE-M

Sigfox

Others

Regional Focus

Regional distribution of the installed base in 2021

Asia-Pacific

Europe

North America

Middle East
& Africa

Latin America

18%

12%

2%

1%

66%

Selection of Leading Firms in the Ecosystem

A selection of relevant LPWAN companies

O\ 1 BB &VL ‘ psemTECH
@ China Mobile H:AVTEI vod af:)n e

C 1L (Ince Telefonica * sigfox
QuecTe:  MULTITECH®
“senet = AT&T  verizon’  J..obile

SIERRA

WIRELESS'

Telit Elscouans &7

life.augmented

Ereverynet una blz WN

-‘Dm\
roambee d ltal
°com blox /& Actility %I
FVPY@@ kerllnk |. HELIOT
. Tekrenc Bl o0
libelitm  BEHRTECH THALES

Source: [oT Analytics Research 2021; Conditions for republishing: Source citation with link to original post and company website; Non-commercial purposes only





image18.png




