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Abstract 

According to the PwC report “Clarity from above”, the addressable market value of drone powered 
solutions is over $127 bn. This is the value of current business services and labour that are likely to be 
replaced in the very near future by drone powered solutions, according to PwC predictions. The industry 
with the best prospects for drone applications is infrastructure, with total addressable market value of 
approx. $45.2 bn.  

Asset inspection and maintenance can be considered a sizable portion of this market. In industries like 
oil, the collapse commodity prices has forced asset owners to take many shortcuts in terms of 
inspections and due diligence, with consequences both on the safety of their operations as well as on 
the environment. The opportunity cost of one extra day or sometimes hour of shut down has increased 
exponentially in the past 5 years: this “race-to-the bottom” in terms of OPEX has rendered inspections 
less frequent, less thorough but more dangerous. 

Visual inspections conducted with UAVs offer a valuable, time-efficient and cost-effective alternative 
to traditional inspections. The ease of deployment; the reduced CAPEX costs; the minimal preparation 
time and the quality of the data that can be collected with a robot such as Elios provide an alternative 
to replace human intervention in dangerous locations, but also an incentive for asset owners to protect 
and safeguard their CAPEX investments, by performing more regular and detailed inspections.  

UAV inspections companies are mushrooming as a result of this increased demand: one of the likely 
consequences of this renewed emphasis on asset management will be a holistic improvement of HSE 
practices, whereby drones will allow for a trifecta of benefits: 

a) Improved health, both for the stakeholders of the industrial operations - in terms of mitigated 
risks of industrial accidents like spillage or leaks - and for the shareholders, who will benefit from a 
longer life-span of their assets; 

b) Increased safety, due to the reduced exposure of human personal to dangerous missions in 
confined spaces and/or hazardous areas; 

c) Enhanced environmental performance, caused by an improvement of the efficiency of the 
facilities. This could translate in both lower consumption of fuel feeds – as in the case of power plants 
using boilers – or reduced leakage of GHG emissions – as in the case of the oil refineries – or even 
losses due to transportation – as in the case of the gas pipeline. 

When used professionally, UAVs can contribute significantly to the achievement of the above-targets. 

The paper will focus in particular on three key assets – i.e. industrial boilers; flares in oil refineries and 
methane pipelines – to highlight the potential of UAV inspections’ benefits vis-à-vis traditional visual 
inspection procedures. 

Keywords: UAV; visual inspections; NDT-wide; drone; asset management; maintenance.  
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1. Introduction 

The purpose of this document is to present and illustrate the environmental benefits of drone technology 

in industrial environments. Specifically, the paper will describe and analyse how the collision tolerant 

drone Elios by Flyability (“Elios”) and its deployment in several industrial maintenance scenarios can 

lead to reduction of GHG emissions.  

Elios is a unique type of unmanned aerial vehicle (UAV) for at least two reasons:  

1. While most drones operate in outdoor environments, Elios has been specifically designed to 

operate in closed spaces. Its small size – 40 cm diameter – and its carbon-fibre protective cage 

allow it to reach and explore areas which are off-limits for nearly all traditional flying robots. 

2. The collision tolerant nature of Elios is both its key differentiator vis-à-vis other drones and its 

main value proposition as a tool for visual inspections in industrial environments. While other 

robots attempt to avoid contact with obstacles – through a combination of sensors, LIDARs 

[Light Detection and Ranging] or other equipment – Elios uses contact with surfaces and 

objects to navigate the surrounding environment. 

The video here-below will illustrate the nature and functioning of Elios in closed environments: 

  

 

 

 

 

 

 

 

 Video 1: A visual introduction and presentaton of the Elios drone by Flyability. 

https://www.youtube.com/watch?v=s96Q2GXgoeE


15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore. 

                                               [ID286]  3 

Its four rotors and camera payload allow it to record HD and thermal camera images that can be seen 

live by the pilot and analysed post-flight to identify infrastructural issues that can compromise the 

operational capacity or the structural integrity of certain assets, e.g. boilers; stacks; pipelines.  

These represent three of the most well-established uses of Elios in industrial environments as well as 

the most likely scenario where it can help to reduce GHG emissions. 

2. Methodology and Results 

a. Improved Efficiency in Industrial Boilers 

In spite of the global rise of renewable energies, today most of the electricity is still produced using 

steam turbines. According to the latest BP Energy Outlook, oil, gas and coal account for more than 85% 

of total energy supplies, meaning that boilers are an intrinsic component of the power generation 

process.  

 

 

 

 

 

 

 

 

The UNFCCC and the Clean Development Mechanism have already established numerous 

methodologies that recognize the importance of boilers efficiency in the reduction of GHG emissions: 

Approved Methodology (“AM”) 0044 focuses specifically on energy efficiency projects for boiler 

rehabilitation or replacement in industrial and district heating sectorsi.. AM0056 focuses instead on 

efficiency improvement by boiler replacement or rehabilitation, considering also the possibility to 

switch to less pollutant sources of fuel, i.e. from fossil fuels to biomass. Approved and consolidated 

methodology 0023 describes the criteria for the introduction of a generic efficiency improvement 

technology in boilers. 

Figure 1: Schematic flow diagram of fossil fuel powered steam turbine for electricty 

generation. Source: Wikipedia. 
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Cleaver-Brooks – one of the largest manufacturers of industrial boilers – correctly points out that “a 

typical boiler will consume many times the initial capital expense in fuel usage annually. Consequently, 

a difference of just a few percentage points in boiler efficiency between units can translate into 

substantial savings” both in terms of fuel and GHG emissions, one could add. “A boiler installation 

costing $150,000 can easily consumer over $1,000,000 in fuel every year at today’s energy rates.” 

Recurrent maintenance is key to ensure an adequate boiler efficiency: this entails checking the integrity 

of - among other parts – the vessel, the stacks and the burners. As pointed out by Cleaver-Brooks, even 

a micro build-up of soot within the tubes of the boilers – as small as 0.08 centimetres -  can reduce the 

efficiency of the boiler by as much as 12%, resulting in over 15% in additional fuel usage and GHG 

emissions. 

Here-below we provide some calculations on what the emissions of a 400 boiler horsepower (BHP) 

design steam boiler burning heating oil (AKA No. 2 Fuel Oil) will generate: 

 

  

400 BHP at 85.5% Efficency with 100% Load

400 BHP Output x 33,475 Btu/BHP = 13,390,000 Btu/hr

Heating Oil - No 2 Oil = 140,000 Btu /gallon

= 2.71 USD

= 73.96 Kg CO2 / gallon

Fuel Input = = 15,660,819 @ 85%

Input, gallons = Fuel Input (Btu/hr) = 111.8 gal/hr

140,000 Btu / gallon

Assuming 4000 hours/yr operation at 100% load:

111.8 gal/hr  X 4000 hrs/yr = = 447,200          gallons/yr

447,200 gallons/yr x 73.96 Kg CO2 / gallon= 33,074            ton CO2/yr

Efficiency %

13,390,000 Btu/hr
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What is even more interesting to calculate and point out is the difference that a drop of efficiency of 

15% - as in the case of the build-up of soot - can cause on the total amount of fuel needed and – 

consequently – the amount of CO2 emissions generated: 

 

 

 

 

 

 

 

 

 

As shown above, a 15% reduction in efficiency causes CO2 emissions to increase by 21% over a single 

year, for a single boiler. In 2005, there were 43,015 industrial boilers installed in the USA aloneii: this 

gives at least an idea of the magnitude and scale of the problem. 

Maintenance can be very expensive for the asset owners: inspecting an entire power generation facility 

can take days, which means shutting down the entire operation. Essentially, not generating energy for 

days. Boilers in particular can be extremely difficult and dangerous to inspect: they are large, tall 

structures, with very poor lighting, not designed for human access. Boilers inspection require 

scaffolding - which is a very time-consuming process. The pictures in Annex I provide a good reference 

for the size and scale of a scaffolding inside an industrial tank. 

Because of the time, costs and risks involved with the performance of these inspections, most asset 

owners limit them to the required legal minimum, which varies from legislation to legislation, but on 

average is approximately once every yeariii . 

  

BHP 400.0                            

Btu / BHP 33,475                         

Btu / hr 13,390,000                 

Efficiency 70.5%

Kg CO2 / gallon 73.96                            Kg CO2 /gallon

No 2 Oil Btu/ gallon 140,000                       Btu/gallon

Fuel Input 18,992,908                 Btu

Input, gallons 135.66                         gal/hr

Operation hours 4,000.0                        hrs /yr

Load 100%

Annual CO2 Generation 40,134,727                 Kg CO2

40,134.73                   t CO2
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There are two key advantages of boilers’ inspections conducted with Elios: 

1. There is no need for scaffolding. As the UAV does not require any preparatory work or special 

setup, all that is needed is a point of entry into the boiler. Most importantly, the pilot can remain 

outside of the boiler as Elios allows for flights beyond the line of sight (“BLOS”). This basically 

reduces to zero the risks of harm to personnel during the inspection. 

2. Because there is no need to setup a scaffolding structure, inspections times are significantly 

reduced, with no compromise in the overall quality of the inspection. This means lower down 

time for the operations and more frequent inspections by the asset owners. 

As a result of these two key points, asset owners that employ Elios perform more regular, thorough 

inspections, with significant benefits in terms of fuel efficiency gains. With Elios, it is possible to move 

beyond traditional, mandatory, once-a-year inspections and transition towards a more efficient, regular 

and “strategic” predictive maintenance that can dramatically reduce build-ups of soot or prevent scaling 

within the boilers. In other words, without Elios, asset owners are forced to act on damages that have 

already occurred: the inspection is necessary only to assess the entity of the damage. With Elios – 

instead – it is possible to prevent damages to the assets and the subsequent loss in efficiency, by 

inspecting more and more regularly.  

Here-below is a video that show a boiler inspection performed with Elios: 

 

 

 

  

https://www.youtube.com/watch?v=V9QlXs8a_Z0
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b. Improved Efficiency in Oil & Gas Flare 

Gas flaring is defined as the controlled burning of natural gas that cannot be processed for sale or use 

because of technical or economic reasons. It can also be defined by the combustion devices designed to 

safely and efficiently destroy waste gases generated in a plant during normal operation.  

It is coming from different sources such as associated gas, gas plants, well-tests, piping headers and 

delivered to a flare system for safe disposal. A flare system has multiple flares to treat the various 

sources for waste gases. Most flaring processes usually take place at the top of stack by burning of gases 

with the visible flame 

Gas flaring systems are installed on onshore and offshore platforms production fields, on transport ships 

and in port facilities, at storage tank farms and along distribution pipelines. A complete flare system 

consists of the flare stack or boom and pipes which collect the gases to be flared, as shown in the figure 

here-below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic flow diagram of an overall vertical, elevated flare stack system 

in an industrial plant. Source : Wikipedia. 
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Gas flaring is one of the most challenging energy and environmental problems facing the world today. 

Environmental consequences associated with gas flaring have a considerable impact on local 

populations, often resulting in severe health issues. There are currently 53 CDM projects and 2 

Programme of Activities in the UNFCCC pipeline that tackle the issue of recovery and utilization of 

gas from oil wells that would otherwise be flared or vented (AM09); 23 of these are already registered.iv 

These projects have already issued over 25 Mil. Certified Emission Reductions and by 2030, they will 

have avoided over 217 Mil. tCO2 to be released in the atmosphere.  

Thought the composition of the gas flares varies quite often, on average it has been calculated that the 

waste gas in a typical plant is composed by 43.6% methanev. CH4 is actually more harmful than CO2: 

it has about 25 times greater global warming potential than CO2 on a mass basis. It is also more 

prevalent in flares that burn at lower efficiencyvi.  

The climate impact is obvious, suggesting a great contribution to global GHG emissions. For example, 

about 45.8 billion kW of heat into atmosphere of Niger Delta from flared gas are released dailyvii.  

On a global level, the World Bank estimates that between 150 to 170 billion m3 of gases are flared or 

vented annually, an amount worth approximately $ 30.6 billion, equivalent to 25 % of the United States’ 

gas consumption or 30 % of the European Union’s gas consumption per yearviii . 

Despite its dramatic environmental impacts, gas flaring is still common practice across the largest 

producing and exporting oil countries in the world: in 2012, Russia and Nigeria accounted for about 

40% of global flaringix. There are three main reasons for this: 

1. From a safety perspective, it is still considered the better option in order to avoid the dangers 

associated with increased pressure during the oil extraction processx; 

2. From an economic perspective, there are little or no incentive to push asset owners to capture 

the emissions from oil extraction;  

3. From a law enforcement point-of-view, there is ample evidence across most CDM registered 

projects for gas flaring that the rules and regulations are not systematically enforced. 
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A quick review of the Project Design Documents for the four registered projects in Nigeria [See Table 

#1 at the bottom of the page] demonstrates this. All of the projects manage to justify their additionality 

by demonstrating that though flaring is prohibited by law in Nigeria, this is common practice. The below 

summary of the additionality test of the “Recovery of associated gas that would otherwise be flared at 

Kwale oil-gas processing plant, Nigeria” project perfectly describes the situation:  

 

 

 

 

 

 

 

 

 

 

Table 1: Summary of Additionality Test Analysis. Source: PDD; Recovery of associated gas that would otherwise be flared at 

Kwale oil-gas processing plant, Nigeria” CDM Project. 

Figure 3: Top flaring countries, billion cubic meters of gas flared, 2007-2012. Source: World Bank 

..Group, Initiative to reduce global gas flaring. Sep. 2014. 
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Granted that gas flaring is both the common practice and the status quo in most oil refineries, the issue 

becomes operational. In other words, in the absence of alternatives, the best possible approach is to 

ensure that the amount of gas that is flared is at a minimum and that the burning process is as efficient 

as possible. Most importantly, even if harmful, flaring is still much preferable to simply venting: if the 

gas is vented rather than flared, the emissions of volatile organic compounds and hazardous air pollution 

substances increased by approx. 30 timesxi.  

The quantity of the generated emissions from flaring is dependent on the combustion efficiency: this 

represents the amount of hydrocarbon converted to CO2. Properly operated flares achieve at least 98% 

combustion efficiency, meaning that hydrocarbon and CO emissions amount to less than 2 %.  

This demonstrates that that properly designed, operated and maintained industrial flares are highly 

efficient. There are several factors that influence the efficiency of combustion process in flares such as 

heating value, velocity of gases entering to flare, meteorological conditions and the overall maintenance 

of the stacks and burner. However, many studies concluded that flares have highly variable efficiencies, 

anywhere between 62 - 99 %.  

To increase the combustion efficiency, the steam or air is used as assistant in flares, which create a 

turbulent mixing, and better contact between carbon and oxygen. The flare tip at the end of the stack is 

designed to regulate the airflow into the flare to improve burn efficiency: an optimal oxygen inflow is 

necessary to guarantee high efficiency.  

  

 

Table 2: Summary of Additionality Test Analysis. Source: PDD; Recovery of associated gas that would otherwise be flared at 

Kwale oil-gas processing plant, Nigeria” CDM Project. 
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In the case of the “Pan Ocean Gas Utilization Project” in Nigeria, for instance, emissions are estimated 

to be 3,134,174 tCO2 per year over a ten-year period, with an assumed burner efficiency of 100% in 

accordance with AM009. Assuming a conservative, linear relationship between this means that if the 

burners are operating at 80% efficiency – still quite an optimistic assumption – emissions will increase 

by 626,835 tCO2 per year and by 6,268,350 tCO2 over a 10-years period. When considered on the actual 

scale of the gas flaring operations in Nigeria or Russia, a with a more conservative assumption ref. the 

efficiency of the boiler, the environmental considerations are even more bleak. 

Inspections of these assets are extremely prohibitive with traditional methods - i.e. crane or rope access 

from the top where possible or scaffolding from the bottom-up – as these are chimneys that can be over 

250 meters highxii. They are also dangerous, time-consuming and expensive. 

Drone technology like Elios can drastically reduce all these elements: 

• Visual inspections can be performed from outside the stack, without putting personnel in harm’s 

way; 

• Inspections are very efficient as they do not require any setup in terms of rope-access from the 

top or scaffolding from the bottom; 

• The Elios UAV unit is ready to fly: once the stack has reached a temperature of 40o C – the 

maximum operational temperature for the drone – it can be easily deployed to inspect the stack, 

including the burner. 

Annex II provides are some images that demonstrate the intricacy and the risks of conducting visual 

inspections with human personnel on stacks. By comparison, Elios is a much better option on every 

level. Here-below is a video showing a stack inspection in an oil and gas facility performed with an 

Elios in a Chevron facility: 
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c. Reduced Leakage in Gas Pipelines 

Since the year 2000, there have been over 60 accidents related to leaking natural gas pipelines in the 

United States alonexiii . The most notorious one – the Aliso Canyon leak – occurred in 2016: in the 112 

days it took to plug, it released over 97,000 tonnes of methane in the atmosphere, the equivalent of the 

pollution generated by nearly 600,000 carsxiv. The Governor of California declared a state of emergency 

because of the leak and over 8,000 families were evacuated as a result of the leak, many reporting 

serious health issues. 

The Environmental Defence Fund (EDF) has conducted a 30-months research project on gas leaks 

across major American cities in cooperation with Google Earth : the results demonstrate that the aging 

infrastructures of cities like Bostonxv, Chicagoxvi and Dallasxvii generates significant methane leaks in 

urban areas. In Boston, for instance, more than half of the pipes are more than 50 years old. During their 

inspection, the EDF has found approximately one leak for each mile driven. While not all the leaks are 

big enough to constitute a healthy risk for the citizens, all of them contribute to releasing additional 

methane into the atmosphere. 

  

Figure 4: A map of Boston with the most significant methane leaks recorded by the EDF in cooperation with Google. The 

darker the colour, the bigger the methane leak. Source: EDF. 

https://www.edf.org/climate/methanemaps/city-snapshots/boston
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Utility companies are required by law to inspect their lines for safety and fix safety problems within a 

specified time. However, these rules don’t require the repair of all leaks: priority is given only to those 

leaks that are large enough to constitute a health hazard. In addition, other rules governing how much 

they can charge customers make it hard to invest in the major pipeline upgrades needed to prevent leaks.  

Utilities need permission from a state public utility commission to raise rates in order to pay for repairs 

or upgrades. It is a slow process and regulators can be reluctant to increase costs to ratepayers. In the 

meanwhile, the pipelines keep on aging and releasing methane into the atmosphere. 

In the best of cases, pipeline inspection is cumbersome and it can only be performed from the outside, 

where signs of corrosion might not be evident and leaks can be missed. It is even more improbable to 

manage to conduct inspections on underground pipelines, as this requires significant costs in terms of 

time and money, as it means excavating from the surface level to inspect and repair the pipes. 

UAV inspections of gas pipelines carries several advantages in these regards: 

1. Elios’ diameter is only 40 cm, which means that it can enter most manholesxviii and perform 

inspections from the inside of the pipelines; 

2. With a speed of up to 7 meters per second, it can inspect very long distances in considerably 

less time compared to a traditional visual inspection; 

3. The thermal camera – which is part of Elios’ standard payload – is incredibly valuable when 

detecting methane leaks, as the gas is odourless and colourlessxix. 

Other types of robots – AKA ‘crawlers’ – are already used in these scenarios; however, they are often 

constrained by the fact that they are not wireless but attached to a ground-control station. 

A group of Harvard researches writing in the January 2015 issue of “The Proceedings of the National 

Academy of Sciences” quantified the yearly methane leakage of Boston’s pipeline system to approx. 

15 billion cubic feet of natural gas – worth approx. $90 millionxx. This is equal to approx.. 143 million 

tCO2 released in the atmosphere every year.  

In this case, it is possible to assume that given the flexibility and additional support that can be provided 

by a tool like Elios, utilities will be both more prone and more equipped to inspect decaying pipes. In 

doing so, they will be able to identify more methane leaks, more often and more rapidly, thus reducing 

the amount of GHG emissions caused by the aging infrastructures.  
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3. Conclusions 

According to the PwC report “Clarity from above”, the addressable market value of drone powered 

solutions is over $127 bn. This is the value of current business services and labour that are likely to be 

replaced in the very near future by drone powered solutions, according to PwC predictions. The industry 

with the best prospects for drone applications is infrastructure, with total addressable market value of 

approx. $45.2 bn.xxi 

Asset inspection and maintenance can be considered a sizable portion of this market. In industries like 

oil, the collapse commodity prices has forced asset owners to take many shortcuts in terms of 

inspections and due diligence, with consequences both on the safety of their operations as well as on 

the environment. The opportunity cost of one extra day or sometimes hour of shut down has increased 

exponentially in the past 5 years: this “race-to-the bottom” in terms of OPEX has rendered inspections 

less frequent, less thorough but more dangerous. 

Visual inspections conducted with UAVs offer a valuable, time-efficient and cost-effective alternative 

to traditional inspections. The ease of deployment; the reduced CAPEX costs; the minimal preparation 

time and the quality of the data that can be collected with a robot such as Elios provide an alternative 

to replace human intervention in dangerous locations, but also an incentive for asset owners to protect 

and safeguard their CAPEX investments, by performing more regular and detailed inspections.  

UAV inspections companies are mushrooming as a result of this increased demand: one of the likely 

consequences of this renewed emphasis on asset management will be a holistic improvement of HSE 

practices, whereby drones like Elios will allow for a trifecta of benefits: 

a) Improved health, both for the stakeholders of the industrial operations - in terms of mitigated 

risks of industrial accidents like spillage or leaks - and for the shareholders, who will benefit 

from a longer life-span of their assets; 

b) Increased safety, due to the reduced exposure of human personal to dangerous missions in 

confined spaces and/or hazardous areas; 

c) Enhanced environmental performance, caused by an improvement of the efficiency of the 

facilities. This could translate in both lower consumption of fuel feeds – as in the case of power 

plants using boilers – or reduced leakage of GHG emissions – as in the case of the oil refineries 

– or even losses due to transportation – as in the case of the gas pipeline. 
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When used professionally, Elios can contribute significantly to the achievement of the above-targets: 

its unique technology make it currently the only drone capable of performing inspections safely in 

closed environments. The hope is that more and more asset owners will recognize the value of this 

instrument for the improvement of their bottom-line, both from a financial and an environmental point-

of-view. 
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Annex I 

Pictures of a traditional visual inspection performed inside of an industrial tank with scaffolding. 
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Annex II 

Pictures of a traditional visual inspection performed inside or on top of stacks in oil and gas facilities. 
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