








Poised for take-off
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Drones are becoming an increasingly familiar aspect of life and
work in the UK today, playing a growing role in areas ranging
from emergency services to construction to oil and gas. But this is
just the start.

During a time when organisations are under pressure to be more efficient,
innovative and ambitious in how they deliver services, drones offer a unique lens on
the world below. Gathering data quickly and accurately from hard to reach places,
they can create a ‘golden record’ in near real time. This can make a crucial

difference in managing costs, controlling risks, increasing safety and
influencing outcomes.

This study outlines the financial, employment, productivity and quality of life
impact that drones will have on the UK economy and provides examples of current
and future commercial drone applications.

The rising use of drones in business and public services will be highly impactful and
deliver significant benefits for the UK economy and society. Our study into the
impact of drones shows that, by 2030, there could be:

£42bn  £16bn

increase in UK gross in net cost savings
domestic product to the UK economy
(GDP)

76,000 628,000

drones operating in jobs in the drones
the UK’s skies economy
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A convergence of
technology, societal
acceptance and regulation

We predict that, over the next decade, the
UK will see a convergence of technology,
societal acceptance and regulation which
will unlock the full economic potential

of drones.

Technology

As the technological capabilities of
drones and related software continue to
develop, the associated benefits and
commercial applications will continue to
expand. The use cases mentioned in this
report are just a small sample of the
benefits drones can deliver, and as drone
and sensor technology continues to
evolve so will their uses for both business
and society as a whole.

Societal acceptance

The overall impact of drones on our
economy and society is likely to be
broader and deeper than the economic
figures suggest. In PwC’s Innovation for
the Earth work, we explore how many of
the emerging Fourth Industrial
Revolution technologies, including
autonomous vehicles and drones, can
accelerate innovative solutions to help
address some of the world’s most pressing
environmental challenges. Drones are
highly effective in environmental
monitoring; for example, by tracking ice
flow and whale movement in the

Arctic or even collecting whale spray

for analysis.

As drones become more commonplace,
businesses and public services will need
to use drones responsibly and ethically
to allay public concerns over safety,
privacy and misuse, particularly as
drones become autonomous. By
embracing Technology for Good the
drones industry will help make an
important contribution to the UK’s
sustainable development over coming
years and decades, and so we will see a
shift in societal perception of drones to
be a technology that delivers positive
social, environmental and financial
outcomes.

Regulation

For the projections in this report to be
realised, the current regulations must
evolve to allow further drone use cases.
Drones differ from other emerging
technologies such as artificial
intelligence (AI) in that the government
is responsible for the safety of its
airspace, so all uses of drones will need to
comply with regulation to ensure
airspace safety. Other limitations related
to flying in congested areas and
collecting personal data, for example by
flying near buildings and people or over
roads, also need to be considered.

The UK Government is committed to
remaining at the forefront of the global
drones market so that the economic
potential can be realised whilst
prioritising the safety and security of UK
citizens. Trials are already being run with
the aim of proving ‘beyond visual line of
sight’ (BVLOS) flying is possible while
protecting people and property.

Given the momentous benefits, UK
organisations across a range of
industries are watching advances in
drone technology with keen interest,
and asking many questions about the
implications for their business. We
hope this report will help to stimulate
this thinking.

Flying cars — a vision
of the future

Although driverless, autonomous
flying cars are still in early
development, the capabilities are
swiftly maturing. Successful trials
have already been conducted of
passenger-carrying drones and
applications include driverless air
taxis. There are also plans to
deploy hybrid driverless cars that
can operate as both road and aerial
vehicles, with the road or aerial
functionality being selected to
optimise journey time and/or

limit the environmental impact.
However, a number of technological,
ethical and regulatory challenges
must be addressed before air

taxis can be turned from a concept
into a reality.







UK 2030: the economic

impact

1.89%

GDP impact

£42bn

uplift in GDP by

2030
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A £42bn uplift in GDP

Drones are a game-changer for the UK economy. Companies that
embrace the nascent drone technology can transform their
business performance, unlock significant value and reduce risk.
Our projection for the impact drones can have by 2030 is a GDP
uplift of £42bn against our baseline forecast, or more than
1.89% of GDP.

We expect the adoption of drones in the UK to follow an ‘S-curve’ pattern similar to
previous waves of new technology. Our view of the future uptake and GDP benefits
from drones is also aligned with PwC'’s recent global study of the commercial
applications of drones ‘Clarity from Above’.

We’re projecting the net effect of drones on GDP - not
GDP itself

It’s important to stress that our GDP projection shows the potential ‘size of the
economic prize’ from drones for the UK, not the rate of overall GDP growth itself.
Our analysis indicates there will be an additional 1.89% GDP growth from drones,
and this uplift may be on top of our baseline forecast, or part of it, since we can’t be
sure whether drones will provide additional growth on top of typical technology
driven productivity gains that comprise the baseline forecast. The £42bn forecast
holds true either way.

Our GDP figure takes account of the creation and destruction of some activities, and
the shifting of others between sectors. In this context, our GDP forecast figure is
‘net’and in line with the UK Government’s appraisal guidance, HM Treasury’s ‘Green Book’.

We conducted our analysis of the economic impact of
drones in three phases

* Phase 1 - Estimating the net cost savings from drones in the UK. We drew on
PwC’s previous ‘Clarity from Above’report to estimate the UK’s gross cost savings
from drone usage, and then used external data and expert PwC analysis to
estimate the net cost saving per UK sector.

* Phase 2 - Estimating the productivity increases in the UK. We merged our
estimate of the net cost savings with data on the total cost of capital and
employment per UK sector to calculate the increase in productivity by sector.

* Phase 3 - Projecting the total economic impact of drones. We input our multi-
factor productivity figures into our Computable General Equilibrium (CGE)
model to work out the aggregate effects of drones uptake on UK GDP up to 2030,
and the total number of jobs impacted by drones as a result.

A more detailed description of our methodology, including the S-curve pattern we
expect GDP to follow, is provided in the Appendix.












Boosting productivity -
£16bn in net cost savings
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For all industries in the UK, the most immediate economic impact
from drones will come from lower costs and improved productivity.
Using drones to automate routine tasks will also enhance safety
performance, reduce risk, improve quality and free people up to
focus on more interesting and value-adding work. It follows that
the sectors that will enjoy the largest productivity gains from
drones will be those with a high proportion of operational
processes that can be automated and/or involve physical movement
of goods or people.

Our analysis suggests that the UK as a whole is set to reap total net cost savings of up
to £16bn from the uptake of drones, resulting in an overall increase of 3.2% in
‘multi-factor’ productivity. This finding is set out in Table 1, along with our
estimates for the cost savings and productivity gains by sector.

A further consideration is that some uses of drones affect more than one sector,
spreading the productivity gains across industry boundaries. The direct
productivity will also substantially impact of using drones for infrastructure
maintenance is captured in the construction and manufacturing sector, but will
substantially benefit the oil, gas and electricity industries by minimising power
outages through proactive monitoring.

Delivery drones — a vision for the future

Delivery drones could become Delivery drones could also integrate
business as usual by 2030. Large with other advances in technology,
retail and logistics companies are for example a driverless vehicle,
investing in delivery drones with loaded with parcels by robotics at

the aim of achieving increased the warehouse that automatically
efficiency, lower costs, and increased  dispatches multiple delivery drones
customer satisfaction. The scope of when it nears the most efficient point
delivery drones could also be beyond  to complete its deliveries. Such a
dropping off parcels in the ‘last mile’  vehicle would serve as a base station
of client logistics. Drones will be for the drones providing charging and
ubiquitous in warehousing and able payload swapping as required. This
to autonomously conduct real time scenario is some way off, as current
stock checks by scanning inventory. technical and regulatory challenges
This will integrate seamlessly with remain such as flying pilotless and
other ground-based autonomous beyond visual line of site (BVLOS)
warehouse robotics in an end-to- in congested urban areas and

end management and movement integrating with other airspace users.
of inventory driven by AI with no

human touch.



















Over 76,000 drones in
the UK skies

Turning to the number of drones that will be flying in UK airspace,
we’ve estimated the UK’s total population of drones that will be in
use by commercial organisations and government in 2030. As Table
2 shows, we project that there will be more than 76,000 drones
flying over the UK, split across several different industries.

Table 2: Estimated number of drones in UK skies in 2030, by sector

Sector Estimated number of
drones in 2030

UK wide 76,233
pub|,candDefenceHea|thEducanonandotherserv'ces27521 .......................
Agncu|tureMmmgGasandHeCmC,ty ............................................................. 25732 ......................
TransportandLog|St|Cs11008 ......................
Construct,onandManufactunng4816 ......................
TechnobgyMed,aandTe|ecommumcat,ons4541 .......................
 Financial, Insurance, Professional and Administrative Services 2514

Helping agribusinesses become more efficient and
sustainable

In the agricultural sector, drones are already being used for crop spraying and
health assessments. Certain drones combine normal and thermal cameras to
deliver a level of insight into field crop health that is not obvious to the naked
human eye, including thermal imaging can detect dry areas and ensure water is
delivered where required. Low flight costs also offer an opportunity to frequently

overfly field crops and create a timelapse view that highlights any issues.

In the future, the use of drones will be driven by Al routines that launch drones
to collect crop information based on a particular trigger event, be it periodicity
or a big data event such as an unseasonably wet or dry spell. The drones will fly
autonomously and the data captured will be analysed by Al Actions such as
harvesting, irrigation or spraying may then be launched, using the appropriate
combination of autonomous robotics.
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Turning potential

into reality
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How to seize the drone opportunity?

As organisations of all types continue to digitise in the coming
years, drones will become one of the most important sources of
data and insights and a key part of any Intelligent Digital strategy.
If a business is operating in a sector that is gearing up for fast
adoption, it will have to move quickly to avoid losing out to faster-
moving competitors. Even sectors where the disruptive potential of
drones is lower will not be immune to their impacts. In every
industry, doing nothing is not an option.

How can organisations embrace an intelligent digital approach, and
begin the drone journey and keep pace with the competition? Here
are four steps to help position a business as a leader in realising the

potential of drones...

Establish the
implications of drones

Carry out a strategic review of the
technological developments around
drones and use cases relevant to your
business. Examine the operational
challenges that drones can help
overcome, including when combined
with other emerging technologies such
as AL

Formulate and
prioritise the response

Having scanned the evolving landscape,
the business needs to shape and prioritise
its strategic response to the rising take-up
of drones. This includes asking questions
like: how can drones help to achieve
business goals? Does the organisation
want to be an early adopter or fast
follower? How can we integrate drones
with our existing digital systems? Is the
solution technologically, economically
and socially feasible?

3 Look beyond technology, by putting the right talent

and culture in place

While investment in drones may
currently appear expensive, costs will
decline over the coming years, as drone
services and the related software
become more standardised and
commoditised. To make the most
effective use of drones, organisations
will need to develop a data-driven
culture and ensure that drone-captured
data is seamlessly integrated with other
digital systems to deliver clear insight

and enable actions to be taken at the
optimum time. Talent requirements will
also change, with greater need for data
scientists and robotics engineers. And
there will be an increase in the value of
human skills that can’t be replicated by
machines, such as creativity, leadership,
problem-solving and emotional
intelligence. This is the balance of
business understanding with technology
innovation and human insight.






Appendix

Defining drones
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The term ‘drone’ has a wide range of uses and has been applied to
vehicles ranging from sub-sea craft to satellites. For the purposes of
this report we define drones as unmanned aerial vehicles (UAVs) or
unmanned aircraft systems (UASs), made up of a ground-based
operator, the drone itself, and a communications system linking

the two.

Under this definition, drones are
essentially flying robots that can operate
with varying degrees of autonomy. Some
are fully remote-controlled, while others
are equipped to fly and navigate
automatically using on-board flight-
planning software in conjunction with
GPS and sensors. Drones can be equipped
with a range of sensors including cameras,
video equipment, or others such as
infrared sensors for heat detection.

It is the data acquired by the sensors
attached to the drones that represents
the real value of drones to organisations.
The benefits are realised by taking this
data, and then processing, analysing
and interpreting the results within the
wider environment, thus enabling
business insights to be generated.

The use of drones can be broadly
divided into two main categories:
recreational and commercial. The first
type involves individuals using drones
as a hobby or for enjoyment. The second
involves the use of drones to generate an
economic return or deliver public
service. The rules of the UK’s Civil
Aviation Authority impose restrictions
on both categories of drone usage, including
an effective ban on most uses that go
‘beyond visual line of sight” (BVLOS).

Types of drone that fall within our
definition include:

* Fixed wing — Uses aeroplane-like
wings to provide lift rather than rotors;

* Single rotor — With a single rotor to
provide lift, plus a tail rotor to
control direction;

¢ Fixed-wing hybrid VTOL - Combines
fixed-wing capabilities with vertical
take-off-and-landing capability; and

e Multi-rotor or multi-copter — With
multiple rotors, usually four (known
as ‘quadcopters’).

Drones also come in various sizes:

* Micro - Fit in the palm of your hand.
Mostly used for recreational
purposes indoors;

e Small - Between 50cm and 100cm.
Mostly used for filming or
photography;

* Medium - Twice the size of small
drones. Can carry professional
cameras or small parcels;

e Large - Able to carry heavier cargo; and

* Supersize — Able to carry people or
very heavy loads.









Aggregate impact of drones

We expect the adoption of drones in the
UK to follow an ‘S-curve’ pattern. The
resultant impact of drones on UK GDP
against baseline forecast, and profile of
impact 2017-2030 is also therefore
predicted to follow an ‘S-curve’ pattern
as shown in Figure 1.

Dynamic impacts

Over time, the direct GDP effects of
productivity gains from rising usage of
drones will be supplemented by
dynamic impacts from resulting shifts in
consumer demand, business investment,
and input demand. Businesses will value
the cost, productivity and workforce
effects, freeing up investment for new
areas. Meanwhile, consumers will be
attracted by cheaper prices and, over
time, greater varieties and quality of
goods to choose from, as new firms
enter the market with new product in
response to increased profits. In turn,
this increased consumption will create a
virtuous cycle of more demand, greater
revenue, more firm entry and
investment, more demand, and so on.

As noted above, we’ve quantified the
impact of drones on UK GDP to include
these dynamic effects using Computable
General Equilibrium (CGE) modelling.
As Figure 2 shows, the CGE model
quantifies the multidirectional
relationships between the government
(which subsidies and taxes goods,
services and labour); households (wWhich
supply labour and capital and receive
wage and capital income for their work);
and firms (which buy goods and services
from one another, try to maximise their
profits and trade internationally) ina
realistic, closed ecosystem framework.

We quantified these relationships using
this model structure along with past
data from the GTAP database on
expenditure by each sector on one

Figure 1: Aggregate impact of drones on UK GDP against baseline forecast, and profile of

impact, 2017-2030
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Figure 2: Computable General Equilibrium (CGE) modelling

Transfers

Taxes

Labour and investment

Households

Goods and services,
and wage income

another’s final goods and inputs, as well
as on general consumption, government
expenditure, trade and investment
levels at a sector level.

Our analysis shows that drones will
mainly impact the economy directly
through the production side via
productivity enhancements, as firms
replace traditional labour and business
processes with drones. The CGE model
is able to quantify the net impact of
these productivity innovations on the

(local and
multi-national)

Productivity
shock

Subsidies

ﬁse

goods and services
from one another

Firms
(local and
multi-national)

Firms

-

Firms determine the
level of production by
maximising profit

UK economy through the resulting
interactions that occur in the economy
due to increased business productivity
in different sectors. We've therefore
separately estimated the direct
‘productivity shock’ in each sector of the
UK economy from drones uptake (see
Phase 1). It is this initial productivity
impact that leads to the effects on trade,
investment and consumption outline
above as firms interact with each other
and with households and the government.
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