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Executive Summary
Automation is transforming the nature of work in Indonesia. Since 2000, machines have eliminated
around 5.5 hours of repetitive and menial tasks from the average Indonesian working week, boosting
economic productivity and enabling people to spend their time on more productive and rewarding
tasks.
While Indonesian firms have been slower to automate than their global peers, almost three in 10 are
now investing in technology like car assembly robots, agricultural tractors, and advanced point-of-sale
systems. The Government’s Industry 4.0 strategy aims to accelerate this by incentivising
technological investment and establishing a foundation of digital infrastructure and skills.
These automation efforts this century have produced real, tangible benefits for Indonesians,
businesses and the economy. Automation accounted for almost one-quarter of Indonesia’s GDP
growth between 2000 and 2015. Workers who were able to adapt to higher value, more complex
tasks saw their incomes grow almost twice as quickly over the period as those whose work didn’t
automate.
But there is more to be done. Indonesia’s labour force growth rate is slowing, which means that it will
need to rely more heavily on productivity gains – like those that automation provides – to achieve its
strong growth targets. Despite this, Indonesia’s rate of automation adoption lags that of its regional
peers in the Philippines, Vietnam, Cambodia and Malaysia.
If Indonesia accelerates the pace of automation, to match that of ASEAN’s leading adopters,
automation would add 2.1 percentage points to GDP growth on average every year until 2030.
Growth would be 0.7 percentage points faster on average over the 11-year period than if Indonesia
continued to automate at the current rate. By 2030, automation would lift average annual per capita
income by almost Rp17 million or US$1210 (at current exchange rates). That is about Rp6 million or
US$440 more than under the current rate of automation.
The stronger path of GDP growth would provide a significant contribution to Indonesia’s regional
competitiveness as well as increasing prosperity at home.
But investing in automation is not enough. If workers are unable to adapt to automation, for example
by becoming underemployed or unemployed as machines take over more of their tasks, these
economic benefits could be lost. To date, the dividends of automation have not been evenly
distributed, with older and low-skill workers not experiencing the same income growth as their tasks
change. These workers are at risk of being left behind in the automation age.
Automation will only deliver additional jobs, higher value exports and quality work if Indonesian
policymakers create the necessary enabling environment, and provide the right support for those
impacted by the changing nature of work. The experience of other countries and an in-depth analysis
of the Indonesian business environment highlights three interrelated policy areas that are critical to
reaping the full benefits of automation:
§

§

§

Supporting businesses: Building the enabling environment for automation by removing trade
and investment restrictions, simplifying tax incentives, and establishing a regulatory approach for
new, digital businesses.
Supporting workers: Equipping the workforce with skills needed for automation by stimulating
private sector investment in Indonesia’s technical and vocational education and training (TVET)
sector, reforming labour laws, and engaging businesses.
Ensuring inclusion: Supporting all Indonesians to participate in growth by helping women into
technology industries; reviewing fiscal distribution and social protection policies; and engaging
trade unions and other stakeholders in labour market reforms.
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Automation is already transforming how Indonesians work

Automation, or the adoption of new technologies to take over some forms of labour, is changing the
nature of work in Indonesia. At the same time, it is creating opportunities for growth and increased
prosperity. Automation has supported productivity growth for firms and has reduced the need for
workers to complete repetitive and routine tasks. This has created the potential for more time to be
spent using technology, working with people, or exercising creative, problem solving and other
uniquely human skills. Between 2000 and 2015, automation changed how the average Indonesian
worker spends around 5.5 hours of their working week. This chapter explores how that happened and
what it means for different types of workers and businesses.

1.1

The Indonesian economy is becoming more automated

Indonesia’s economic growth in the 21st century has been supported by investments from businesses
to increase their levels of automation. In 2015, almost three in 10 Indonesian firms invested in
automation technology to improve their productivity by delegating repetitive or routine tasks to
machines.1
Box 1: What is automation?
Automation is the adoption of new technologies to take over some forms of labour. Automation takes different
forms across a large and complex economy such as Indonesia. Car manufacturers may use robots to perform
physical tasks like lifting, painting and assembly. Retail stores may use software to monitor stock levels and
make better purchasing decisions. While automation has recently become intertwined with artificial intelligence
in public debates, it represents a much wider range of investments in software, machinery and equipment that
firms make to replace existing types of work.

While the concept of automation is relatively simple, the variation of how it works in the real world
makes it complex to measure. Companies respond to the incentives to automate in their own unique
economic contexts. A country with a high underlying level of automation might have relatively few
companies investing in automation in a given year relative to another country that is attempting to
catch
up. There
is also no universal
of uptake
of automation.
This report relies on a measure
Exhibit
1: Automation
is ameasure
positive
productivity
shock…
of new investments in automation as it is this growth in automation in an economy that drives growth
in labour productivity.
Exhibit 1 sets out how automation can benefit workers, firms and the economy by improving
productivity, boosting economic growth and improving the nature of tasks completed by workers.
Exhibit 1: Automation creates productivity gains for the Indonesian economy

Firms take up
automation
technology
§ Investments are
made in new
machinery and
other technology
to provide
automation

Some
automatable
tasks are
replaced

Labour
productivity
increases

Time saved
reallocated to
new work

Growth for
business and
workers

§ New technology
takes on some
tasks previously
performed by
workers

§ Same output can
be achieved in
fewer hours,
increasing
productivity

§ Hours saved by
automation are
dedicated to new
work, increasing
production

§ Businesses use
new productivity
for growth
§ Some workers
increase the value
of their labour

Growth for the
economy
§ Increased
productivity at
firm level results
in growth at
economy level

1
World Bank Enterprise Survey (2015), AlphaBeta analysis; see also Daron Acemoglu and Pascual Restrepo (2018):
Automation and New Tasks: The Implications of the Task Content of Technology for Labor Demand, available from:
http://papers.nber.org/conf_papers/f114668.pdf; and Andrew McAfee and Erik Brynjolfsson (2017): Machine, Platform, Crowd:
harnessing our digital future.
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1.2

Automation is changing the tasks performed by Indonesian workers

1.2.1

Jobs involve a mix of routine and non-routine tasks, and routine tasks are more
readily automated

Jobs can be broken down into the specific tasks they involve. A customer service centre worker, for
example, may be responsible for tasks such as answering calls, data entry and dispute resolution. A
retail store worker’s tasks may include restocking shelves, cash handling, and helping customers.
Because some of these tasks are more readily automated than others, automation affects each job
differently. Some fruit harvesters, for example, may be displaced by automated harvesting machines
capable of performing most of the tasks in their jobs. Other farming jobs may be less affected; a
highly skilled farmer who uses a tractor to prepare a field for sowing may still be needed to complete
tasks like deciding when and where to plant, equipment maintenance, and record keeping.
Exhibit 2 shows how jobs may be analysed according to the types of tasks they involve, to understand
how automation is changing the nature of work in Indonesia. Tasks are grouped into five main
categories:
§
§
§
§
§

Routine physical. These tasks involve repetitive and predictable physical work, for example a
farmer sowing seeds across their fields.
Routine interpersonal. These tasks involve predictable interactions with other people, for
example a call centre worker reading a sales script.
Non-routine physical. These tasks involve physical work that is not repetitive or predictable, for
example a mechanic diagnosing and repairing problems with a car engine.
Non-routine interpersonal. These tasks involve complex or creative interactions with other
people, for example a carer bathing and feeding an elderly person.
Technological. These are tasks that predominantly involve computers or other technological
equipment, for example data entry and analysis.

The impact of automation is best understood by breaking the economy
down
into
task
groups,iswith
some more
automatable
than
Exhibit
2: The
impact
of automation
best understood
by breaking
the economy down
intoothers
task groups
Occupations
Examples of occupations

Task groups
Task group

Description

Routine
physical

Repetitive and predictable physical work

Routine
interpersonal

Predictable interactions with other people

Non-routine
physical

Physical work that is not repetitive or predictable

Automatable tasks
(more repetitive
and predictable)

Agricultural
workers

Sales workers

Non-routine
interpersonal

Complex or creative interactions with other people

Technological

Work predominantly involving machines

Production
labourers

More complex
tasks
(creative, complex,
ad hoc and
interpersonal)

Source: Indonesian Family Life Survey (IFLS), AlphaBeta analysis
SOURCE: IFLS, AlphaBeta analysis
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Routine physical and routine interpersonal tasks are more likely to be automated in the near term.
They involve work that is repetitive and predictable, which makes them easier for machines to take
on. This work is often less desirable for humans because it is dull or even dangerous.2 These tasks
are referred to as “automatable tasks” throughout this report.
Non-routine physical and interpersonal tasks may be subject to some automation but this is less likely
to occur in the near term in Indonesia, given the development of technology and the higher cost of
automating these more complex tasks. Humans have an advantage in these types of creative,
interpersonal or complex work.
Within the technological task group, advanced automation technologies like artificial intelligence may
replace some basic IT functions. However, this effect will be far outweighed in the near term by the
increase in IT work due to structural shifts in the Indonesian economy and the automation of routine
tasks. Automation is also likely to create new, more complex technological tasks for Indonesians by
introducing new sales channels, new data to be analysed, or new machines to be maintained.
Box 2: Why is task analysis useful?
This research looks at how automation changes the type of tasks that workers perform in the economy. This is
useful because it allows us to understand the net impact of automation across the economy.
Automation involves the adoption of new technologies to replace some forms of labour. This can result in
changes to what jobs we do. That is, it can mean that some workers change jobs once their old forms of work
become more automated. Previous studies on the future of work in Indonesia have looked at the impact of
automation by assessing how workers will move between jobs and industries. This has often involved using
American or international data on how susceptible different jobs are to automation.
However, automation also changes how we do our jobs. New technologies can complement existing workers
and allow them to take on more complex work or increase how much they are able to produce per week. In
fact, our analysis suggests that the majority of the change that automation has brought to Indonesian work this
century has been within jobs. To capture the impact of these changes, we need to look deeper than changes
to jobs and industries and examine changes to the nature of work done within jobs. Task analysis enables us
to do this and so captures the full impact of automation.

1.2.2

Indonesian workers have automated almost 16% of their tasks in the past 15 years

To understand how automation is already changing the tasks that Indonesians perform at work, this
report analysed data from the longitudinal Indonesian Family Life Survey to examine how people from
across the Indonesian economy – farmers, teachers, taxi drivers and textile workers – have been
spending their work hours in the 15 years since 2000.3 The analysis considered workers across
80 occupations in nine broad sectors.
The analysis found a substantial shift in the types of tasks performed during that period: by 2015,
Indonesian workers spent 16% less of their time – or 5.5 hours less per week – on routine and
physical tasks (Exhibit 3). Instead, those hours were reallocated to more complex tasks requiring
creative, interpersonal and technological skills.

2
CSIRO (2018): Robots only a threat to dirty, dull and dangerous jobs, available from: https://research.csiro.au/robotics/robotsonly-a-threat-to-dirty-dull-and-dangerous-jobs-expert/
3
Further details on the data and methodology are provided in the Appendix.
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Exhibit 3: Indonesian workers are spending less time…

Exhibit 3: Indonesian workers are spending more time on more complex tasks

2000 – 2015 change in average work week

Change in types of tasks performed by Indonesian workers
Average share of time spent on task group, %
Non-routine physical

5

Non-routine interpersonal

5
1

Technological

+16

Routine physical

10

+1 hr 45
minutes

10

+1 hr 45
minutes

7

+2 hrs

36

-3 hrs 45
minutes

5.5 additional
hours spent
on more
complex
tasks

47

5.5 fewer
hours spent
on more
automatable
tasks

Routine interpersonal

42

2000

37

-1 hr 45
minutes

2015

IFLS, National Labour Force Survey (SAKERNAS), AlphaBeta analysis
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In the year 2000, automatable work such as a farmer tilling her field, a textiles worker sewing a dress
or an office assistant drafting written records took up 31 hours (89%) of a typical 35 hour work week.4
The share of such work declined to 25.5 hours per week, or 73%, by 2015.
These work hours have been reallocated to technological work and non-routine physical,
interpersonal tasks. In 2000, these complex tasks comprised only 4 hours (11%) of the typical
Indonesian work week. This rose to 9.5 hours (27%) by 2015. For an individual worker, this may
mean that they are able to spend more time maintaining machinery, talking to customers, or emailing
with suppliers.
1.2.3

Task change has been relatively consistent across occupations and key cohorts of
workers

The shift in time worked from automatable tasks to more complex tasks from 2000 to 2015 was
relatively consistent across major occupation groups (Exhibit 4).
§

§

Agricultural workers (26% of the Indonesian workforce)5 spent 6 hours less per week on routine
physical tasks such as tilling fields and instead used that time on farm planning and supplier
liaison.
Sales workers (22% of the workforce) delegated 4 hours per week of their most mundane work
to new point-of-sale and retail technology, allowing them to spend more time using interpersonal
skills to meet consumer needs.

4

Time changes throughout this report are based on a 35 hour work week for simplicity and ease of comparison. Actual average
hours varied between occupations and industries throughout this period. At the economy level, the average hours worked per
week were between 38 and 39.
5
Measured as a share of total hours worked in 2014 using data from SAKERNAS.
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Production labourers (32% of the workforce) reallocated 3 hours per week that were previously
spent on manual labour to more complex production tasks such as operating and maintaining
advanced machinery.

Exhibit 4: The shift of hours towards less automatable work is consistent across major occupation groups

Major occupation group

Task composition of work

Change from 2000 to 2015

Full-time hours per week

Hours per week on automatable tasks

Automatable
2000
1

More complex

2015
7

Agricultural
workers

6 hours
less
34

28

4

8
4 hours
less

Sales workers
31

27

7

10

Production
labourers

3 hours
less
28

§ Less time tilling fields
§ More time liaising with
suppliers

§ Less time operating cash
registers
§ More time assisting
customers

§ Less time sewing by hand

§ More time using a
sewing machine

25

Source: IFLS, SAKERNAS, AlphaBeta analysis
Note: This analysis assumes a full-time work week of 35 hours for simplicity. Figures are rounded to the nearest hour.
Automatable tasks comprise routine physical and routine interpersonal work while more complex tasks comprise non-routine
physical, non-routine interpersonal and technological work.

Automation affected the tasks performed by men and women similarly, both shifting around 16% of
their time that was previously spent on routine work to more complex tasks in the 15 years to 2015.
By that year, men and women alike spent around 10% of the working week on each of non-routine
physical and interpersonal tasks and 7% on technological work. This is shown in Exhibit 5.
Workers in Indonesia’s informal sector – including shop keepers, domestic workers and smallholder
farmers who together comprise more than 60% of the nation’s workforce – were impacted slightly
more by automation than those in the formal sector. In 2000, informal workers spent 93% of their
working hours on automatable tasks, and the remaining 7% on more complex physical and
interpersonal tasks. By 2015, informal workers were spending 22% of the work week on more
complex tasks, with a steep decline on the amount of time spent on routine physical tasks (from 57%
of their time to 42%).
For comparison, workers in banking, government, retail, education and other formal economy jobs
spent about 31% of the week on more complex tasks in 2015, up from 18% in 2000. Informal workers
are beginning to catch up to formal workers as their work increasingly automates. This may reflect a
structural shift that is moving workers from agriculture to industry and services, and the rise of gig
economy jobs through platforms such as Go-Jek and Grab.
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Task change is also consistent between men and women, but informal
workers
aretowards
beginning
to catch
upconsistent
on time
spent
on more
complex
tasks
Exhibit
5: The trend
more complex
tasks is
for men
and women
and informal
and formal
workers
Change in types of tasks performed, by gender and informality of work
Average share of time spent on task group, %

Men
Non-routine
physical
Non-routine
interpersonal

5
5

1

Technological
Routine
physical

Informal workers are catching up: they spent more time on
automatable tasks in 2000, but had a faster rate of change

Little difference over time
between men and women
10

10

7

7
48

36

2000

2015

5

42

2000

9

4
0

10

3

9

11

3
11
34

37

38

38

5

Informal

8

10

51

Routine
interpersonal

9

5

1

Formal

Women

4

57

42

32

47
37

2015

2000

36

36

36

2015

2000

2015

SOURCE: IFLS, SAKERNAS, AlphaBeta analysis

Source: IFLS, SAKERNAS, AlphaBeta analysis
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Automation is improving business productivity and worker incomes

1.3.1

Automation is helping businesses and the economy grow

|

6

Automation is a key part of Indonesia’s Industry 4.0 strategy and related plans to sustain strong
economic growth.6 As previously described in Exhibit 1, it changes the nature of work and so creates
opportunities for growth for firms, workers and the economy. Indonesian businesses invest in
automation because it improves their productivity. Exhibit 6 shows that automation improved
Indonesia’s output per hour worked by around Rp9500 from 2000 to 2015. This contribution
represented 42% of the total increase in labour productivity over this period.
The other 58% of labour productivity growth, or around Rp13000 per hour worked, came from causes
other than automation. Some of these causes are firm specific, such as the efficiency of operational
processes, the effectiveness of management decisions, and workplace morale. Other sources of
labour productivity growth are based on economy-wide factors such as the level of education and
skills in the workforce and investment in enabling infrastructure such as roads and
telecommunications.

6
Ministry of Industry (2018): Making Indonesia 4.0, available from: http://www.kemenperin.go.id/artikel/18967/MakingIndonesia-4.0:-Strategi-RI-Masuki-Revolusi-Industri-Ke-4.
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Automation contributed 42% of labour productivity growth…

Exhibit 6: Automation contributed 42% of labour productivity growth 2000-2015

2015 labour productivity by source
Real output per hour, 2019 ‘000 IDR
57.8

12.9

9.5

35.4

2000 GDP per hour worked

% of growth

Growth due to automation

Other productivity growth

42%

58%

2015 GDP per hour worked

Source: IFLS, Statistics Indonesia (BPS), SAKERNAS, World Bank Enterprise Surveys, AlphaBeta analysis

Businesses that successfully harnessed this productivity growth were able to grow in size, increase
profits, or introduce new products and services. Some manufacturing companies suchαlphaβeta
as Astra
| 7
Daihatsu have introduced advanced automation of assembly lines, freeing up labour for more
complex tasks such as quality assurance and resources for new products such as small low cost cars
(see case study). Larger mining firms are increasingly introducing automation technologies to make
extraction more efficient and reduce the need for workers to operate in hazardous environments.
Meanwhile, Indonesia is also seeing the growth of a range of online services companies – including
the “unicorn” startups Traveloka, Tokopedia, Bukalapak and Go-Jek – that rely on automation of
communications, commerce and analysis. Go-Jek and Tokopedia have a particular focus on
connecting micro, small and medium enterprises to new markets. This speaks to the potential of
automation to stimulate inclusive growth, especially given the predominance of SMEs in Indonesia.
Case Study 1: Astra Daihatsu uses automation to increase scale and capacity for innovation
Indonesian companies that invest in automation gain opportunities to increase market share and become
more profitable. For Astra Daihatsu Motor (ADM), opening a state-of-the-art Karawang production plant in
2013 has more than doubled its production capacity and boosted sales, employment and R&D.
ADM is a large Indonesian automotive firm and the local production base for Daihatsu and Toyota. It has
production facilities in Sunter (North Jakarta) and Karawang (West Java). The Karawang production plant was
intended to increase ADM’s production capacity and its offerings in the Indonesian market. It is one of
Indonesia’s leaders in automation within the automotive industry with robots taking on many repetitive tasks
such as pressing and welding. With the Karawang plant, ADM produced around 550,000 cars in 2018.
The new scale supported by automation has allowed ADM to invest in R&D. The R&D facility at its Karawang
plant has produced ADM’s second low-cost “green” car model in response to government incentives.
Marketed as the Astra Daihatsu Sigra and Astra Toyota Calya, the car is proving popular with Indonesia’s
burgeoning middle class and supporting ongoing growth for ADM.
ADM’s growth has also supported many new jobs in the Indonesian economy. Hundreds of thousands of
workers participate in the production of ADM vehicles either directly or through suppliers. ADM management
expects that its workforce will continue to expand and is taking steps to improve its talent pool through
partnerships with vocational high schools and other means.
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Productivity improvements at the firm level lead to GDP growth across the economy. Automation
contributed around 24% of Indonesia’s GDP growth from 2000 to 2015, equivalent to Rp1700 trillion
(Exhibit 7). The remainder was derived from other sources of productivity growth, such as skills and
operational improvements, and labour force growth – that is, a net increase in the number of people in
the workforce, leading to more hours being worked. Automation has been an important driver of
Indonesia’s competitive economic performance so far this century.

Productivity gains due to automation led to GDP growth of…

Exhibit 7: Automation contributed 24% of GDP growth 2000-2015

2015 GDP by source
Real 2019 IDR ‘000 trillions
13.4
1.7

2.3

3.1

6.3

2000 GDP

% of GDP growth
2000-2015

Labour force growth

Other productivity growth Growth due to automation

44%

32%

2015 GDP

24%

Source: IFLS, Statistics Indonesia (BPS), SAKERNAS, World Bank Enterprise Surveys, AlphaBeta analysis

1.3.2

SOURCE: IFLS, SAKERNAS, Statistics Indonesia (BPS), World Bank Enterprise Surveys, AlphaBeta analysis
Automation
increases prosperity for workers who are able to adapt

αlphaβeta
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Automation of the Indonesian economy has also benefitted some Indonesian workers. Those workers
who have remained in employment and replace some dull or dangerous tasks with more complex
work have experienced higher pay growth. Exhibit 8 compares the income growth of workers who
experienced an increase in non-automatable tasks with that of workers who did not.
The incomes of workers whose jobs were unaffected by automation grew by 4% per year in the seven
years to 2014. The incomes of workers whose tasks changed as they adapted to automation grew
almost twice as quickly (7% per year). The implication is significant: workers who can convert
automation into an opportunity to take on hours of more complex tasks appear to increase wages
earned.
Task change from automation also appears to increase incomes of informal workers, relative to those
whose work was not automated. This is a positive sign as it implies that the benefits of automation are
felt not only by formal workers but also workers in the informal economy, who typically struggle with
access to finance and are excluded from protections under the labour law.
Of course, not all workers will be able to make this transition on their own, and some may experience
unemployment or underemployment as a result of automation. Some may also benefit less than
others; automation leads to faster income growth on the whole but the gains may not be evenly
distributed (Chapter 4). It is important that skills policy and other measures are used to maximise the
ability of workers to increase the value of their labour through automation, and ensure that the gains
to workers outweigh the costs of displacement.
Australia Indonesia Partnership for Economic Development
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Automation supports workers who are able to adapt, with workers who
Exhibit
8: Workers whose
are changing
through
automation
are experiencing
experienced
tasktasks
change
seeing
faster
income
growth faster income growth

July 2019

Median annual growth in real income overall and for informal workers
2007 to 2014, %

No task change due to automation
Task change due to automation
7
6

4

4

All workers

Informal workers

Note: Workers
affected
by automation
were identified
by whether they reported an increase in the frequency of technological tasks or tasks requiring concentration (N =
Source:
IFLS,
OECD,
AlphaBeta
analysis
4500). Income change was calculated as a compound annual growth rate between in real income (real wages and profits) between 2007 and 2014. Cohort characteristics are
Note:
Informality
is measured
using
the isBPS
Proxy
definition.
measured
from the beginning
of the period.
Informality
measured
using1the
BPS Proxy 1 definition.
SOURCE: IFLS, OECD, AlphaBeta analysis
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Case Study 2: Automation has helped Go-Jek grow
Automation can help businesses access new markets and create new jobs. This has been the experience of
Go-Jek, which has grown into one of Indonesia’s massive “unicorn” startups through a model that uses
automation to bring new opportunity to vulnerable workers in the services sector.
Go-Jek started in 2010 as an enterprise with a simple mission: to connect ojek drivers to customers needing
ad hoc transport and delivery services. The firm acted as an intermediary to match drivers with customers,
share demand information with drivers to inform their business decisions, and vouch for the safety of the
parties involved.
This business model started with a relatively low level of automation. Customer service workers took phone
requests from customers and then called driver after driver until they found someone available for each job.
This process took an average of 20 minutes per job. Demand was so great that within a few years, there were
80 workers providing this critical matching service.
It was ultimately customer experience that prompted Go-Jek to automate. In 2015, Go-Jek introduced an app
that brought matching times down from 20 minutes to under two seconds per job. This paved the way for the
company’s ongoing success in an economy with increasing expectations of real-time, on-demand service.
The transition to an automated services platform supported rapid expansion in the volume and variety of
services offered through Go-Jek. The platform now supports 2.5 million workers, including ojek drivers and
other providers offering services from food to massage and home maintenance. As a gig economy platform, it
offers flexible and accessible work that supports new workforce entrants, with around three quarters of these
workers not previously employed. It also provides banking, insurance, and other protections that are often not
available for informal workers.
While there is no longer a need for workers to call drivers and offer them jobs, Go-Jek’s expansion has led its
customer service team to grow to 800 staff. These workers focus on managing complaints and working with
customers and service providers to ensure that their needs are met – complex, creative and interpersonal
work that humans excel at.
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Indonesia is not capturing the full potential of automation

Automation is already happening in the Indonesian economy, and with substantial effect: it was
responsible for almost one quarter of GDP growth from 2000 to 2015. However, Indonesia is
underinvesting in this important driver of growth and is not capturing its full potential. Indonesian firms
are not adopting automation technologies at the same rate as their peers. Increasing the rate of
automation of Indonesia’s businesses could add around 0.7 percentage points to GDP growth every
year until 2030. This chapter compares Indonesia’s update of automation with peers and describes
the economic opportunity from accelerating automation.

2.1

Indonesia’s uptake of automation is lower than ASEAN peers

International comparisons suggest that Indonesia has more to gain from automation. In 2015, 28% of
Indonesian companies reported that they were automating manual processes. This rate is below that
of Indonesia’s regional peers, including Vietnam, Cambodia and Malaysia, where about 35% of
companies invested in automation that year (Exhibit 9). The disparity is even greater with India and
Bangladesh
all companies
increased
their use of automation.
Indonesiawhere
hasaround
a lowhalf
to of
moderate
uptake
of automation,
with four firms

engaging in automation for every five in Vietnam

Exhibit 9: Indonesia has a low to moderate rate of automation relative to regional peers

Automation and technology uptake in select ASEAN and other countries
% of surveyed firms reporting automation of manual processes or uptake of technology, c. 2015

India

52

Bangladesh

49

Philippines

41

Vietnam

36

Cambodia

35

Malaysia

34

Indonesia

28

Lao PDR

28

Source:
World
Bank
Enterprise
Surveys,
AlphaBeta
analysis
Note: Survey
covered
manufacturing
and services
firms. Brunei,
Myanmar,
Thailand and Singapore did not participate or were removed due to sample issues distorting

data. Some countries’ results rescaled to address apparent differences in understanding of innovation. Some countries conducted the survey in years surrounding 2015.

Note: Survey covered manufacturing and services firms. Thailand has been removed due to sample issues distorting data.
SOURCE: World Bank Enterprise Surveys, AlphaBeta analysis
| 10
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Some countries’ results have been rescaled to address apparent differences in understanding of innovation. Some
countries
conducted the survey in different years surrounding 2015.

Other measures of automation, such as comparisons of machinery imports and consumption relative
to gross value added (GVA) by sector as well as stakeholder feedback, paint a similar picture. These
sources consistently indicate that Indonesia has a low to moderate uptake of automation relative to its
peers, and that more could be done to support Indonesian businesses to increase their utilisation of
automation technology.
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Industry stakeholders say there are significant barriers to automation that may be hindering greater
adoption, including:
§

§

§

§

§

Limited access to finance and skills: There is a general constraint on financial capital and
technological skills in Indonesia, both of which are critical to enable automation; this constraint is
particularly marked for smaller businesses.
Restrictions on foreign investment and labour: These regulations constrain access to the
finance, skills and technology needed to advance local R&D capability and reap the benefits of
automation within Indonesia.
Social pressure to preserve existing jobs: Businesses face substantial social and political
pressure to preserve jobs. This disincentivises automation even where it could increase
competitiveness and growth and ultimately create new employment.
Complex tax incentives: It is difficult for firms to navigate overlapping tax incentives for training,
sector development and mechanisation. The complexity of these incentives may also dampen the
impact of new policy measures to support Industry 4.0.
Legal and administrative concerns: Businesses seeking to automate face a range of business
concerns including assurance of property rights, enforcement of contracts, confidence in the tax
system and the ability to efficiently register, operate and dissolve companies. The labour law
makes it difficult and expensive to make workforce changes to adjust to automation.

Some of the difference in automation uptake between countries is likely due to company
characteristics. Indonesia has a small number of large, globalised firms, and a large number of
smaller, informal businesses with relatively little participation in global trade. Exhibit 10 examines
levels of automation in companies of varying sizes and trade orientation.
Smaller firms are less likely to engage in automation in Indonesia. Only 26% of small firms reported
investing in automation technology in 2015 compared to 61% of large firms. Small businesses may
lack the scale to justify expensive investments in automation and find barriers to automation such as
access to skills and finance to be particularly acute.7
Trade orientation also influences the decision to automate. More globalised companies may be
pushed to automate by international competition or influence from global corporate headquarters.
They may also find it easier to overcome barriers to automation due to their scale, business models,
and connection to international networks. In 2015, 45% of Indonesian companies participating in
global value chains invested in automation compared to 28% across the board.

7
ILO (2018): Project Brief: Promoting micro and small enterprises through improved entrepreneurs’ access to financial services
(PROMISE IMPACTS), available from: https://www.ilo.org/jakarta/whatwedo/projects/WCMS_624198/lang--en/index.htm
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Exhibit 10: Uptake of automation grows for larger and more trade-oriented companies

Automation and technology uptake by company characteristics
% of surveyed firms reporting automation of manual processes or uptake of technology, 2015
61

45

34
28

26

Small companies

Medium
companies

Large companies

All companies

Companies
engaged in global
value chain

Source: World Bank Enterprise Surveys, AlphaBeta analysis

2.2

Accelerating automation could significantly increase GDP growth

| 11

αlphaβeta

Indonesia’s economic performance has long been underpinned by strong population growth providing
new workers into the labour force. However, the growth of Indonesia’s labour force is forecast to
moderate over the next decade. It will contribute a shrinking share of GDP growth, which will need to
be replaced if Indonesia wants to meet its growth targets. Automation can support GDP growth in
Indonesia by lifting productivity growth.
If Indonesian companies continue to automate at the current pace, automation would add 1.4
percentage points to GDP growth on average between 2019 and 2030, contributing a total of Rp3200
trillion (Exhibit 11). This assumes that labour can be effectively reallocated. It represents around 30%
of all GDP growth over the 11-year period (alongside labour force growth and other sources of
productivity growth such as education) and raises average annual per capita income by Rp10.8
million in real terms by 2030.
If Indonesia can increase automation, it can accelerate GDP growth. The second scenario in Exhibit
11 assumes that Indonesia matches the automation rate of ASEAN leaders in each major sector of
the economy (see Appendix for detailed methodology). Under these conditions, automation would add
2.1 percentage points to annual GDP growth on average over the next 11 years. Around Rp1800
trillion extra would be added to GDP in 2030 compared with the first scenario, for a total contribution
of Rp5000 trillion. Average annual per capita income would be Rp16.9 million higher in real terms in
2030. That is Rp6.1 million more than if automation continues at its current pace.
The stronger path of GDP growth would provide a significant contribution to Indonesia’s regional
competitiveness as well as increasing prosperity at home.
This forecast of the uplift in GDP growth from accelerating automation is conservative because it only
estimates the gains to labour productivity from automation directly, and the contribution of other
productivity growth to GDP is held constant. In fact, the investments in education and skills needed to
increase the uptake of automation technology would likely lead to stronger productivity growth from
other sources, generating further benefits for Indonesia.
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Exhibit 11: Accelerating automation could significantly increase the GDP growth rate

2030 GDP under current and accelerated automation

Real 2019 IDR ‘000 trillions
28.9
27.1
5.0
Growth due to automation

3.2

Other productivity growth

5.0

5.0

Labour force growth

3.0

3.0

16.0

16.0

Current uptake of automation

Accelerated uptake of automation

4.9%

5.5%

2019 GDP

GDP growth rate
2019-2030
% p.a.

Source: IFLS, BPS, SAKERNAS, World Bank Enterprise Surveys, AlphaBeta analysis
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Automation can only generate economic benefits if workers are
able to transition

Productivity growth due to automation relies on technology increasing the output of workers by freeing
up hours in the day. However, it is not enough to simply adopt automation technologies. The benefit
of automation comes when workers successfully reallocate their time into new types of tasks. This
relies on workers having the skills to take on alternative tasks, and business and government
providing the necessary transition pathways. As this chapter shows, Indonesia will not achieve an
economic return from its investment in automation unless transition is effective.

3.1

Reaping the benefits of automation requires reallocation of time savings

In theory, automation benefits the economy by allowing workers to complete their tasks more quickly,
freeing up time for additional work. However, this outcome is not guaranteed – if workers lose a
substantial number of hours due to automation and are not able to find new hours of work, they may
experience job losses. These workers may be able to move to new roles and different sectors of the
economy where demand is growing, but this transition can be challenging. There is a risk that some
vulnerable or older workers may struggle to find new work and may enter unemployment.
Another less discussed risk from automation is underemployment, which refers to workers who gain
hours in the week due to automation but see a decline in productive hours worked. It could occur
where:
§

§

Average weekly hours worked decrease. The labour productivity of a worker improves but their
hours decline in proportion. They achieve more per hour but overall output is the same and
wages decline.
Average weekly hours are the same, but productive hours decline. A worker is paid for the same
hours but does not use the time freed up by automation for productive work. They achieve the
same average amount per hour worked and overall output is the same.

In both scenarios, output per worker remains the same and there is a missed opportunity to increase
productive capacity using the hours saved by automation.

3.2

If labour is not reallocated, there will be an economic cost

If hours saved are not reallocated, then Indonesia’s Rp3200 trillion economic opportunity from
automation could be lost. Automation has the potential to increase GDP by improving the economic
output that people can achieve for each hour they work. If people end up working fewer hours in total,
there is no overall benefit to GDP. This is demonstrated in Exhibit 12, which compares the GDP
outcomes of the scenario in which the current rate of automation continues and all hours are
reallocated (top), to a scenario based on the same rate of automation but in which the time savings
are wasted (bottom).
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Exhibit 12: Failure to reallocate labour offsets the GDP impact of time savings due to automation

2030 GDP under full and no reallocation of labour

Real 2019 IDR ‘000 trillions
Full reallocation
2.6

0.0

0.5

27.1

5.0
16.0

GDP growth rate
2019-2030
% p.a.

4.9%

3.0

No reallocation
2.6

2.6

0.0

24.0

5.0

16.0

3.0

2019 GDP

Hours gained
due to labour
market entry

Other
productivity
growth

3.7%

Productivity
growth from
time savings

Hours lost
due to failure
to reallocate

Productivity
growth
from higher
value work

2030 GDP

Source: IFLS, BPS, SAKERNAS, World Bank Enterprise Surveys, AlphaBeta analysis
Note: Productivity gains due to automation are derived from hours of work saved and the potential to reallocate these hours to
higher value work. This assumes that time savings are reinvested into activities that generate ~20% more per hour than
automated activities. Numbers may not add due to rounding.

Under the full reallocation scenario, automation improves labour productivity, delivering Rp2600
trillion increase in GDP from time savings. In this outcome, these hours are reallocated to high-quality
work comprising more complex tasks such as non-routine and technological work. Such work is
estimated to be worth 20% more than automatable work (see Appendix) and the combined effect of
full reallocation and higher value work creates the Rp3200 trillion opportunity and lifts the average
GDP growth rate to 4.9%.
In the no reallocation scenario, time saved from automation still increases the value of labour
productivity by Rp2600 trillion by 2030. However, there is an equivalent GDP decline due to lost
productive hours per capita. These lost hours could occur through some combination of
unemployment and underemployment as described above. All of the hours saved by automation drop
out of the economy and do not contribute to greater production, and GDP growth falls by
1.2 percentage points (to 3.7%).
These scenarios show that the effect of automation on Indonesia’s GDP will depend substantially on
how effectively the nation is able to reallocate labour. They demonstrate the policy opportunity to
maximise automation’s return on investment: full labour reallocation would lead to a 2030 GDP that is
around Rp3200 trillion (13%) higher than in the no reallocation scenario.
Investing in automation is not enough in and of itself. Rather, productivity growth through automation
relies on lifting both firms and workers. Workers need the structural, regulatory and skills support to
transition to new work for their own and the economy’s benefit.
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Indonesia’s skills system is not prepared for this challenge

Indonesia’s skills system has been slow to respond to the demands of an expanding and automating
economy. The system is leaving workers without the skills required to adapt to the type of complex,
interpersonal and technological work that will take up an increasing proportion of their time. Unless
this challenge is addressed, it is likely that labour saved by automation will not be optimally
reallocated and that Indonesia will miss out on the full return from its automation investments.
Industry stakeholders report a mismatch between the breadth and quality of skills that they need and
the skills pipeline from vocational and other educational institutions. Indonesia has increased its
education investment over the past decade. However, government spending on education is still
relatively low in per capita terms and there has not been a significant improvement in outcomes.
Indonesia devotes a similar proportion of its budget to education as peers such as Vietnam and
Malaysia but has achieved worse educational outcomes in core subjects such as maths (Exhibit 13).
Meanwhile, there is a sense among stakeholders that the Government has focussed on controlling
skills supply rather than preparing the skills system to respond quickly to demand. This generates a
structural inflexibility that hinders the suitability of graduates for positions available.

Policy levers to maximise inclusive growth from automation

Exhibit 13: Indonesia devotes a similar budget proportion to education as ASEAN peers but with worse outcomes

Educational outcomes by magnitude of investment
Mathematics performance in OECD Program for International Student Assessment against % of government expenditure on
education, c. 2015
600

Singapore
550
Mean
performance
500
on PISA
mathematics
scale

Vietnam

450

Malaysia

Thailand

400

Indonesia

10

15

20

25

% of government expenditure devoted to education

Source: OECD Program for International Student Assessment (PISA) survey, World Bank, AlphaBeta analysis
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Note: PISA data is from 2015. Where 2015 education expenditure data was not available, data from 2012-2014 was used.
Countries shown provided expenditure data to the World Bank and participated in PISA.

Beyond the education sector, on-the-job training is relatively rare in Indonesia. For example, only
around 8% of firms offer formal training programs for their staff.8 Many firms are reluctant to invest in
training staff because of poor awareness of the benefits of vocational education and because the
labour law discourages the appointment of permanent staff. The resulting casualisation and high
turnover rates limit investment in professional development and learning. Anecdotal evidence
suggests that only larger firms are delivering in-house and on-the-job training to address skills gaps.

8

World Bank Enterprise Survey, 2015
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The benefits of automation may not be evenly distributed

Automation creates an opportunity for workers to shift their labour up into more complex and more
valuable tasks. However, not all workers are equally able to capitalise on this opportunity for growth.
Some workers may exit employment, or shuttle from work that has been automated into other low
quality work. This chapter focuses on the latter group of workers who experience worse outcomes
from automation. These workers tend to be more vulnerable in general, for example because they are
low-skilled, older or in the informal economy. Without policy intervention, automation could exacerbate
existing inequality by leaving these cohorts behind.

4.1

Some cohorts of workers are experiencing stronger income growth from
automation than others

While automation drives faster income growth across the Indonesian economy (see section 1.3.2),
this benefit may not be evenly distributed across workers experiencing its effects. Exhibit 14 shows
how automation’s effect on incomes changes depending on workers’ characteristics. Gender and job
formality made little to no difference to individuals’ ability to benefit from automation on average.
However, age and skill levels were strong predictors: low-skilled and older workers experienced lower
rates
income growth
than their peers.
Theofbenefits
of automation
are not evenly distributed; low-skilled and

older workers appear to be experiencing slower income growth

Exhibit 14: Low skilled and older workers experience lower income growth related to automation
Median annual growth in real income by select characteristics
For workers experiencing automation-related task change 2007 -2014, %
+6

+9
10

10

+1
7

7

7

7

6

6

4

1
Men

Women

Informal Formal
workers workers

Low
Medium
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skilled
skilled
skilled
workers workers workers
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50+
30-49
<30

Note: Workers affected by automation were identified by whether they reported an increase in the frequency of technological tasks or tasks requiring concentration (N =

Source:
IFLS,
OECD,
AlphaBeta
analysis
4500). Income
change
was calculated
as a compound
annual growth rate between in real income (real wages and profits) between 2007 and 2014. Cohort characteristics are
measured
fromskilled
the beginning
of the period.
Informality
is measured
the BPS Proxy
1 definition.
Note:
High
workers
comprise
those
with ausing
Bachelors
degree
or Diploma; medium skilled those who have completed
junior or senior high school; and low skilled those with an elementary school or adult education. Informality measured using
SOURCE: IFLS, OECD, AlphaBeta analysis
αlphaβeta | 15
BPS Proxy 1 definition.

Exhibit 15 shows the variable income effect of automation across a range of cohorts. While gender
alone did not change income growth, gender in combination with other characteristics appears to
have had an impact. Highly skilled women experienced the highest annual income growth (10% per
year) of the cohorts examined. Other than these high skilled workers, each female cohort saw lower
income growth than their male counterpart. Among those studied, women over the age of 50 were
least able to turn automation into an income growth opportunity, with their real incomes declining 4%
per year from 2007 to 2014. The variation in gender disparity at different skill levels points to the
important role that skills can play in offsetting income disadvantage due to gender.
Australia Indonesia Partnership for Economic Development
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The distributional differences in income growth are no greater than those for workers not experiencing
automation-related task change, but demonstrate that automation by itself will not reduce existing
inequality in Indonesia. To ensure that automation’s dividends are well distributed, government and
business will need to increase the skills resilience of the workforce and improve the social protection
offered to older workers.

The income effect of automation varies significantly by cohort…

Exhibit 15: The income effect of automation varies significantly by cohort of workers

Median annual growth in real income by cohort
For workers experiencing automation-related task change 2007 -2014, %
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Note: Bubble size represents size of cohort. High skilled workers comprise those with a Bachelors degree orαlphaβeta
Diploma;
skilled those who have completed junior or senior high school; and low skilled those with an elementary school or adult
education. Informality measured using BPS Proxy 1 definition.

Australia Indonesia Partnership for Economic Development

19

Capturing Indonesia’s automation potential

5

July 2019

Indonesia can generate inclusive growth from automation by
addressing key policy priorities

The economic opportunity presented by automation cannot be taken for granted. Automation will only
deliver additional jobs, higher value exports and quality work if Indonesian policymakers create the
necessary enabling environment and provide the right support for those impacted by the changing
nature of work.
To this end, the Government of Indonesia accurately assesses automation as an opportunity rather
than a threat. The Government’s Roadmap for Industry 4.0 sets out the objective of bringing
Indonesia into the world’s top ten economies by 2030 by boosting net exports, increasing labour
productivity, and investing in technology R&D.9
International experience suggests that there are three major policy levers that can achieve this
objective and reap the full benefit of automation (Exhibit 16): creating the enabling environment for
automation; developing the workforce skills needed; and supporting workers to participate in growth.
Importantly, addressing these areas of policy will require coordination across government, the private
sector, and private training providers and community organisations.

Achieving growth through automation requires coordinated policy effort
to support businesses, skills development, and worker inclusion (I/II)

Exhibit 16: Policy levers to maximise inclusive growth from automation

Increasing inclusive
growth

Creating the
enabling
environment
for automation
Support for small
businesses to
automate will
help spread the
benefits of
increased
productivity

A better skills pipeline supports
business to automate;
automation increases growth
and creates new jobs

Supporting workers to participate in growth

Developing the
workforce
skills needed
for automation
Skills resilience
will be a critical
feature of
supporting
workers across
the economy to
transition

αlphaβeta

9
Ministry of Industry (2018): Making Indonesia 4.0, available from: http://www.kemenperin.go.id/artikel/18967/MakingIndonesia-4.0:-Strategi-RI-Masuki-Revolusi-Industri-Ke-4.
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Supporting business: creating the enabling environment for automation

The uptake of new technology by business is the first step to generating economic growth from
automation. As such, Indonesia can increase the benefits of automation by supporting business to
make these investments. Other countries have had success in increasing automation uptake by:
§

Reducing trade and investment restrictions. In Thailand, removing restrictions on overseas
investment helped to boost automation in the automotive industry. Thailand is now a leading
exporter of cars in the region.10 In the past, trade and investment restrictions have been thought to
protect the Indonesian workforce and support self-sufficiency. However, in the age of automation
and Industry 4.0, they may be having the opposite effect. Indonesia should consider removing
import restrictions on used capital goods, foreign investment including local content requirements,
and skilled labour migration.
This policy change would provide business with access to the technology, finance and skills they
need to develop Industry 4.0, pursue “on-shoring” of advanced manufacturing, and enable
collaboration with firms, universities, investors and policymakers around the world.

§

Supporting new, digital business models. Singapore is a major exporter of electronics,
machinery, pharmaceuticals, refined petroleum and more. This is attributed to its highly open and
transparent business environment, few formal market access barriers, and intense competition in
the Singaporean market. Singapore is now positioning itself as the digital gateway to Asia with
world class IT infrastructure and a relatively open framework for digital investment.11
Meanwhile, Japan and South Korea have adopted regulation to support digital investment. They
have reduced the complexity of rules surrounding businesses that operate online, for example by
allowing data offshoring and aligning with international frameworks for data privacy. South Korea
has also made direct investments in automation, leading to the highest robot density in the world.
These measures combine to attract global investors to contribute to the digital economy in these
countries.12
Indonesia has made significant strides in improving its business climate, including reducing the
time that it takes to start and register a business, enhancing business confidence, and measures
to reduce corruption. It could add to these reforms to further enable the operation of companies
running digital platforms, fintech and the like.

Case Study 3: TaniHub is enabling Indonesian farmers to improve productivity
TaniGroup is helping to automate commerce and finance for some 25,000 Indonesian farmers through its
ecommerce platform TaniHub and crowdfunding platform TaniFund.
TaniHub connects farmers with consumers, supermarkets, hotels and restaurants seeking fresh produce. It
helps farmers forecast demand through analytical tools that estimate price movements for the next several
quarters. This helps inform farmers’ planting decisions, boosting revenues by about 60% though increased
production, sales volumes and prices.

10
Chris Manning, Barrie Wills & Haryo Aswicahyono (2017): Skills and Training in the Automotive Sector: Towards Improved
Productivity and More Jobs, Australia Indonesia Partnership for Economic Government (AIPEG).
11
International Trade Administration (2016): Top Markets Report: Industrial Automation Country Case Study, available from:
https://trade.gov/topmarkets/pdf/Industrial_Automation_Singapore.pdf; Singapore ranks second in the World Bank’s index for
ease of doing business, available from http://www.doingbusiness.org/en/rankings; Internet Gateway to Asian Markets, available
from: https://www.digitalrealty.com/data-centers/singapore/.
12
Robot-Friendly Korea (2012), available from: http://www.korea.net/NewsFocus/Sci-Tech/view?articleId=99841; International
Trade Administration (2016): Top Markets Report Industrial Automation, available from
https://www.trade.gov/topmarkets/pdf/Industrial_Automation_Executive_Summary.pdf.
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TaniHub farmers can also apply for microloans through the TaniFund crowd funding platform, allowing them to
access the capital needed for investments in automation and growth. To reduce the risk to lenders, TaniFund
loans are issued to small groups of farmers who are encouraged to keep one another accountable in their
spending; collaborate on farming practices; and band together to cover unexpected shortfalls from any one
farm.
Agriculture is a vital part of Indonesian economy, accounting for three in 10 jobs and more than 13% of GDP
in 2017. However, most agricultural production is still small-scale and relatively low-productivity – 93% of all
farmers are smallholders with an average farm size of 0.6 hectares. However, if agriculture does not automate
and become more productive, then agricultural regions will not share in the benefits of increased wealth and
standards of living.
Looking forward, Tanihub sees the potential for increased automation to help Indonesian farmers to overcome
challenges of scale, profitability and resilience. For example, increased uptake of indoor farming technology
would reduce risk from weather conditions while reducing distribution costs and shrinkage.

5.2

Supporting workers: developing the workforce skills needed for automation

The ability of future workers to adapt to automation by maintaining or increasing the value of their
labour could drive economic gains of Rp3200 trillion by 2030. Developing a workforce that is skilled
for an automated economy is critical to maximising the return on investments in automation
technology.
Indonesia has invested heavily in education and is expanding the capacity of the country’s vocational
schools. Nonetheless, an economic shift towards more technological and creative work threatens to
add to existing skills gaps.13 The experience of other countries suggests that there is value in the
following reforms, with a particular focus on engagement with industry:
§

Delivering higher quality technical and vocational education and training (TVET) through
partnerships with business. Malaysia involves industry in developing training curricula and
standards. All skill standards and certification are coordinated by the National Vocational Training
Council (NVTC) which comprises representatives from government and the private sector. Other
initiatives include the SkillsMalaysia campaign to raise interest in TVET among employers and
employees and the use of public funding through the Economic Transformation Program to spur
quality training through private accredited centres.14
The Indonesian Government is taking steps to better engage industry in TVET policy and program
design, while leading firms are investing in partnerships with local vocational high schools to meet
skills demand and boost training standards (see Case Study 4). Some also provide
apprenticeships for students and contribute technical expertise to school- and workplace-based
training.
There is scope to build on these existing efforts. Engaging business will be key to addressing
Indonesia’s skills challenge as it is fundamentally a problem of matching skills supply with industry
demand. The Government can improve the quality and range of industry partnerships and
promote on-the-job training, apprenticeships and industry-school programs through subsidies and
other incentives. These reforms would offer a significant opportunity to simultaneously tap into
industry resources, improve the quality of training and better align training with the needs of
industry in a digital economy for technical, analytical and soft skills.

13
Emma Allen (2016): ADB Papers on Indonesia: Analysis of Trends and Challenges in the Indonesian Labor Market, available
from: https://www.adb.org/sites/default/files/publication/182935/ino-paper-16-2016.pdf.
14
Dakchyata TVET Practical Partnership (2018): Public Private Partnerships for TVET in Malaysia, available from:
https://www.dakchyata-nepal.org/sites/default/files/PPPs for TVET in Malaysia - Case Study.pdf.
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Removing investment restrictions on education and training providers. For example,
Vietnam reduced restrictions on the role that foreign providers can play in delivering training. It
has seen increased quality of training and an improved supply of the skills that its economy
needs. Vietnam is now seeking to further simplify the regulation of education and training
providers.15
Training institutes, universities and private providers from Indonesia and overseas have shown
interest in investing in Indonesia’s skills system. However, international TVET providers are
currently limited to 49% ownership of Indonesian educational institutions. International universities
must operate only on a not-for-profit basis and must prioritise employment of local faculty and
staff. Enabling greater private sector investment in education and training, including for overseas
organisations, will help to improve quality and access.16
Such changes would need to be accompanied by oversight and regulation of quality to ensure
that new and existing providers were delivering high standards of training. This is particularly
important due to information asymmetry in the market for training, where students know less
about the quality of the product to be offered than the providers and have little ability to bargain
for improvements.

§

Improving coordination and administration of the TVET sector: The Philippines has a single
lead agency for TVET that is mandated to provide relevant, accessible, high quality and efficient
technical education and skills development The private sector provides 80% of university
education and TVET. TVET enrolments are higher than countries at similar development levels,
particularly for young women.17
Indonesia has multiple ministries with overlapping mandates for the TVET sector which leads to
duplicated processes, wasted resources, limited coordination and variable TVET quality across
different regions. There is scope to reduce complexity and harmonise regulations and standards,
which will free up resources to focus on quality and student needs and outcomes. Appointing a
single Minister for TVET with lead responsibility for the sector may improve coordination and
leadership as TVET faces ever increasing demands from business and workers.

Case Study 4: Investment in skills is critical for businesses like Toyota to become more automated
Industry has a key role in ensuring current and future workers have the right skills to succeed in a more
automated economy. The partnership between Toyota and Indonesia’s technical and vocational education and
training (TVET) system is one example: its Toyota Institute Academy takes outstanding vocational high school
(SMK) students from around the country and aims to have 1000 graduates by 2026.
The academy offers free accommodation and tuition to extend access to this opportunity to students from
different socioeconomic backgrounds. It combines a standard SMK curriculum with specialised learning in
automotive production. Toyota provides equipment and parts used in its manufacturing processes, and brings
in current employees to provide technical training and ensure that the academy’s lessons are up to date with

15
Mayer Brown (2019): Recent Updates and Overview of Foreign Investment in the Education Sector in Southeast Asia,
available from: https://www.mayerbrown.com/files/Publication/a6e706ca-92be-4fc0-b9e8f25b9e77a5b8/Presentation/PublicationAttachment/2fa8e89a-8fe9-4cbb-ba6d691e17d4aa9e/Article_Recent_Updates_and_Overview_of_Foreign_Investment_in_the_Education_Sector.pdf; DLA Piper
(2019): Private education in Southeast Asia – investment plays and regulatory hurdles, available from:
https://www.dlapiper.com/en/us/insights/publications/2019/04/real-estate-gazette-34/private-education-in-southeast-asia/;
Vietnam Briefing (2018): Vietnam’s Education Sector: New Regulations for Foreign Cooperation and Investments, available
from: https://www.vietnam-briefing.com/news/vietnams-education-sector-new-regulations-foreign-cooperationinvestments.html/.
16
http://www.gbgindonesia.com/en/education/article/2014/indonesia_investing_in_education.php
17
Youth Policy Toolbox (2017): Technical Vocational Education and Training (TVET) program – the Philippines, available from:
https://yptoolbox.unescapsdd.org/portfolio/technical-vocational-education-training-tvet-program-philippines/; TVET Journal: the
Necessity of Partnerships in TVET, available from: https://www.tvetjournal.com/the-necessity-of-partnerships-in-tvet.html.
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manufacturing advances. This focus on practical learning helps to provide the capabilities that Toyota needs
while also improving students’ outcomes.
The Toyota Institute Academy aims to equip graduates with not only technical specifics, but also soft skills that
are necessary in modern production environments throughout Indonesia. Manufacturing firms have reported a
shortage of these skills, which are sometimes described as ‘industrial culture’ and include a strong work ethic,
teamwork, creative problem solving and resilience.
Other medium and large firms are making similar investments in TVET. Some run their own training
academies while others contribute knowledge and equipment to SMKs in their area. Often, there is a spillover
effect where the firms train more graduates than they need as part of their corporate social responsibility
efforts. This means that the training programs are able to increase the quality of skills accessible by the
sponsor firm as well as other employers in the area.
The Toyota Institute Academy demonstrates several factors that will be important to Indonesia’s development
into a more automated economy: the fostering of skills that are difficult to automate but critical to success;
industry engagement in the design and implementation of TVET; and the connection of early career education
to life-long and on-the-job training.

5.3

Ensuring inclusion: supporting all Indonesians to participate in growth

The benefits of automation are not evenly distributed. Some vulnerable cohorts may experience
underemployment or unemployment following automation in their industries. Meanwhile, income
growth for workers who adapt to automation varies depending on their characteristics (Exhibit 15).
Automation also tends to occur faster in urban and major economic regions.
To fully realise the potential of automation, policymakers must be mindful of the distributional impacts
of automation. Policy measures taken in neighbouring countries to ensure that automation leads to
inclusive growth include:
§

Supporting female workers. Female workers are about as likely to experience task change due
to automation as male workers. However, women are less likely to participate in the workforce
and some cohorts of older or less skilled women may struggle to adapt to this change. The
Indonesian Government can support women to be more resilient to automation and to create
economic opportunity from the changes that it brings.
As the Indonesian economy becomes more automated, there are likely to be significant
opportunities in science, technology, engineering and maths (STEM) occupations. Indonesia has
high numbers of female students enrolled in STEM subjects but this has not translated to higher
employment in these fields.18 South Korea has established a research fund for female students in
technology related industries and also has programs to provide field experience for women in
STEM. Japan has increased the number of positions open to female science and engineering
professionals to inspire female students to choose STEM careers.19
To improve female participation in the workforce in general, labour market reforms that allow
greater flexibility such as part-time work may benefit women with family responsibilities. They
would also better reflect the more flexible nature of business models in the automation age.

§

Using automation technology to support workers with disability: China is using online tools
to support increased employment of people with disability. Working with private internet

18

MasterCard “Girls in Tech” Survey in the Asia Pacific (2017).
OECD (2018): Bridging the Digital Gender Divide, available from: www.oecd.org/internet/bridging-the-digital-genderdivide.pdf.
19
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companies, China is expanding disability employment services to include TVET, job matching,
and other employment consulting support.20
While not the focus of this report, there is evidence that technology will create new opportunities
for workers with disability. By taking over some manual tasks, automation may allow workers with
disability to fill roles that were not previously accessible to them.
Targeting government support to jobseekers with disability will boost economic participation and
take advantage of this opportunity. Measures to achieve this include disability employment
programs; early intervention in education to support those with additional learning needs; and
incentives for businesses employing people with a disability.
Further enhancing Indonesia’s social protection policies: Even with the above measures,
some workers may struggle to transition to new work. Targeted support is likely to be needed for
cohorts such as older and low skilled workers. For example, subsidies to education providers can
increase training access for disadvantaged and low-skilled groups; temporary unemployment
benefits support workers who are transitioning between roles; and new benefits could be
introduced for older workers facing redundancy. The Government could also extend the coverage
of its healthcare security and employment security programs to informal workers and other
vulnerable groups.

§

Box 3: Other measures to enhance economic gains from automation
Some other measures that the Indonesian Government could consider to enhance the value of automation to
the economy include:
Supporting automation
§

Simplifying tax incentives and providing better coordinated government support for automation:
The Government has introduced a Super Tax Deduction to increase the incentive for investment in
innovation, R&D, and technical and vocational education and training (TVET). This step reflects the
Government’s intent to reduce the cost of automation to business. However, tax incentives alone won’t be
enough – Indonesia already has a range of complex tax incentives that are relatively underutilised. These
need to be combined with trade and investment reform, better coordinated government support, and
consistent messaging that Indonesia is open for business for firms wishing to automate.
Firms also appreciate policy consistency and certainty. Committing to a freeze on tax incentives would
send a strong message that the government is committed to long term stability and business confidence.
Tax uncertainty is a significant influence on business decisions, and economic stability is valued above
the impact of tax incentives in foreign investors’ decisions; 80% of investors in Thailand and Vietnam
report that they would have made their investments even without tax incentives.21

§

Reducing costs for small and medium enterprises (SMEs) so they have the capital to automate:
Indonesia’s private sector is dominated by SMEs which, compared to large firms, are less able to absorb
risks and access the capital required to invest in automation. This means that Indonesia’s largest group of
employers is less likely to tap the potential of automation to benefit workers and firms alike.
In addition to subsidising finance for SMEs, the Government could reduce the cost of doing business
including regulatory and trade barriers and labour costs. Labour costs such as severance pay and
restrictions on outsourcing and part-time work place a particularly heavy burden on SMEs seeking to

20
Y-Wang (2016): A Glance at People with Disabilities in China, available from: https://www.chinasource.org/resourcelibrary/articles/a-glance-at-people-with-disabilities-in-china; University of Melbourne (2018): Disability as Exception: Digital
Economy of Disability in China, available from: https://arts.unimelb.edu.au/home/research-and-event-features/pastevents/disability-as-exception-digital-economy-of-disability-in-china.
21
International Monetary Fund (IMF) and OECD (2018): Update on Tax Certainty, available at https://www.oecd.org/tax/taxcertainty-update-oecd-imf-report-g20-finance-ministers-july-2018.pdf; IMF (2015): “Options for Low Income Countries’ Effective
and Efficient Use of Tax Incentives for Investment”; OECD (2019): OECD Investment Policy Reviews: Southeast Asia, available
at: https://www.oecd.org/daf/inv/investment-policy/Southeast-Asia-Investment-Policy-Review-2019.pdf.
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expand and automate. Reducing these costs will significantly enhance the ability of SMEs to access
capital and contribute to automation in Indonesia.
Supporting workers
§

Reforming labour laws to permit greater flexibility and support for training: Indonesia’s current
labour laws and regulations incentivise casualised or informal labour, which discourages investment in
skills and training. Businesses are reluctant to offer permanent positions due to regulatory impediments
such as the high severance costs. At the same time, there are restrictions on outsourcing and an absence
of provisions for part-time work.
Allowing more flexible employment arrangements could encourage more permanent employment
contracts, which would in turn encourage businesses to invest in training and upskilling their staff. The
Government could also consider relaxing or removing foreign labour restrictions that currently limit firms’
ability to train employees by drawing on global expertise. These restrictions similarly deprive Indonesian
educational institutions of available teacher talent.

§

Promoting the importance of TVET: There is a need to build awareness of the importance of skills and
training in Indonesia amongst both employers and the workforce. The Government can promote the value
of TVET qualifications, demonstrate the employment outcomes achieved by graduates, and advertise the
role of education throughout workers’ careers with approaches such as lifetime learning. These
approaches would increase knowledge of the role of TVET in the community and improve the ability of
workers to respond to the role transitions and process changes involved with automation.

§

Encouraging lifelong learning. Singapore’s “SkillsFuture” initiative grants lifetime credits to all citizens
aged 25 and over to pay for training courses. Older workers can use credits accumulated over a lifetime
to upgrade their skills and adapt to changing requirements.22 Meanwhile, Thailand is providing Massive
Open Online Courses for the public in education and other settings while also delivering 10,000 free Wi-Fi
hotspots.23

Ensuring inclusion
§

Ensuring fiscal distribution policies remain effective across regions: In Indonesia, major economic
zones and urban areas tend to benefit more from automation that other regions. Indonesia can use its
fiscal equalisation policies to counteract this effect. For instance, redistribution through the Village Fund
should be reviewed to ensure that all regions share in the benefits of a more automated economy.

§

Engaging trade unions in labour market reforms: The union movement has an important role to play in
ensuring that all workers benefit from automation. This involves improving conditions for all workers and
not just those operating under traditional employer-employee contracted models. Labour law reform
supported by the unions would better reflect changing workplace structures, generate more employment
options, and also support vulnerable workers.

22
SkillsFuture Singapore Agency (2019): SkillsFuture credit, available from:
http://www.skillsfuture.sg/credit/about#programme1.
23
International Telecommunications Union: Thailand Digital Economy and Society Development Plan, available from:
https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2016/AprDigital2016/S2_Present_Pansak_Siriruchatapong.pdf.
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Appendix: Methodology
1

Estimating the timeshares of tasks in the Indonesian economy

1.1

About the data

The Indonesian Family and Life Survey (IFLS) is an ongoing longitudinal survey conducted by the
RAND Corporation. The survey sample of over 30,000 individuals in 13 provinces (of 27 total) is
representative of about 83% of the Indonesian population. IFLS captures a broad range of information
on employment, including occupation, industry, and status; educational attainment; and demographic
characteristics such as age and gender. Importantly for the purposes of this report, the 2007 and
2014 surveys asked participants to identify the frequency with which they perform certain tasks at
work, the number of hours that they work each week and the number of weeks that they work a year.
The National Labour Force Survey (SAKERNAS), conducted by Indonesia’s national statistics agency
Badan Pusat Statistik (BPS) captures occupation, industry, gender, hours worked and wages among
other information. SAKERNAS was used to weight task information from IFLS for this report so that it
is representative of the whole country.

1.2

About the approach

First, we calculate timeshares from frequency scores. We use a regression to fit hours (and thus
timeshares) from frequency scores for technological, physical and interpersonal tasks at the
occupational level. Specifically, we calculate the coefficient that minimises differences from actual
hours worked per occupation using the equation:
𝑇" = 𝛽" (𝐹",( + 𝐹",* + 𝐹", , ) + 𝑒,
where:
§
§

𝐹",/ is the average frequency score for performing a task per occupation
𝑇" is the average weekly hours worked per occupation

§

𝛽" is the coefficient for a given task type by occupation

Second, we calculate the share of routine and non-routine work for physical and interpersonal
tasks. IFLS captures information about the frequency with which workers ‘intensely concentrate’ in
their jobs. We use this as a proxy for more complex, as opposed to more automatable, hours of work
across the physical and interpersonal categories and describe this as non-routine. We weight the
shares downward to reflect the fact that there are other factors besides complexity that cause a
worker to intensely concentrate and these may be automatable. For example, the detailed work of
hand sewing may require intense concentration but is automatable. Overall, the shares of routine
versus non-routine work align with 2006 World Values Survey where 12% of Indonesian respondents
(n = 1,200) reported that the tasks they perform at work are more non-routine than routine.24
Finally, we weight occupational timeshares by total hours worked by occupation using
SAKERNAS data. This allows us to convert proportions of the working week spent to determine
economy-wide timeshares and changes in these timeshares. These shares are extrapolated to 2000
and 2015 to estimate the impact of automation over this period.

24
The World Values Survey is a survey conducted by a network of social scientists coordinated by a central body - the World
Values Survey Association. It is established as a non-profit organization seated in Stockholm, Sweden, with a constitution and
mission statement

Australia Indonesia Partnership for Economic Development

27

Capturing Indonesia’s automation potential

2

July 2019

Analysing the impact of automation-related task change on
income, including by select cohorts

This section of the analysis makes use of the longitudinal nature of IFLS. We begin with workers who
reported receiving an income (wages or profits) in both 2007 and 2014 (n=10,165). We then identify
those workers whose tasks are changing in response to automation by whether they reported an
increase in the frequency of technological tasks or intense concentration in their jobs (N = 4,500).
Income figures are adjusted using the Indonesian CPI Index from 2007 and 2014 to strip out the
effects of inflation. The percentage change in income between 2007 and 2014 is then calculated.
Finally, we calculate the median income change by cohorts. We begin with those impacted by
automation compared to those who are not, and then drill down further by characteristics such as age,
skill level, gender and job formality.

3

Valuing hours of more complex work relative to automatable work

In order to value the productivity gains from automation, we calculate the ‘wage premium’ of wages
earned for more complex tasks above those earned from automatable work. We begin by calculating
average hourly earnings, hours worked and worker age by occupation from SAKERNAS data. We
then match this to 2014 occupation timeshare data for our five task groups. For each occupation i, the
expected hourly wage is assumed to be a function of time spent on automatable/non-automatable
tasks and the age of workers (proxy for experience). The function for an occupation i is as follows:
𝑊𝑎𝑔𝑒𝑖 = 𝛼 + 𝛽1 𝐻𝑜𝑢𝑟𝑠𝑇𝑆𝑁𝑜𝑛𝐴𝑢𝑡𝑜𝑚𝑎𝑡𝑎𝑏𝑙𝑒𝑖 + 𝛽2 𝐴𝑔𝑒𝑖 + 𝛽3 𝐴𝑔𝑒2𝑖 + 𝑒𝑖
where:
§
§

𝐻𝑜𝑢𝑟𝑠𝑇𝑆𝑁𝑜𝑛𝐴𝑢𝑡𝑜𝑚𝑎𝑡𝑎𝑏𝑙𝑒, is the share of hours spent per week on more complex tasks
𝐴𝑔𝑒, is the average age for workers in the occupation

An ordinary least squares regression is used to estimate the value of coefficients. Expected wages
are calculated for a worker performing 100% of a given task type, assuming that the worker is of the
overall average worker age and working the total average weekly hours:
O

𝑊𝑎𝑔𝑒 EFGHI(F*J(JKLM = 𝛼 + 𝛽N + 𝛽O 𝐴𝑔𝑒 + 𝛽P 𝐴𝑔𝑒 , 𝑊𝑎𝑔𝑒 HI(F*J(JKLM = 𝛼 + 𝛽O 𝐴𝑔𝑒 + 𝛽P 𝐴𝑔𝑒

O

We find the wage premium per hour of more complex (non-automatable) work over each hour of
automatable work using the following equation:
𝑝𝑟𝑒𝑚𝑖𝑢𝑚 =

𝑊𝑎𝑔𝑒𝑁𝑜𝑛𝐴𝑢𝑡𝑜𝑚𝑎𝑡𝑎𝑏𝑙𝑒
𝑊𝑎𝑔𝑒𝐴𝑢𝑡𝑜𝑚𝑎𝑡𝑎𝑏𝑙𝑒

−1

The results of this analysis show that the income share of more complex (non-automatable) work
relative to the total time spent on such work is substantially higher than the ratio of automatable work.
They suggest that more complex work pays a wage premium of around 20 per cent compared to
automatable work.

4

Comparing uptake of automation by country

4.1

About the data

The World Bank Enterprise Survey is a survey of manufacturing and services firms that attempts to
capture the experience of 155 thousand private sector firms in 148 countries. The surveys aim to
capture a representative sample of firm level data on performance, competition, innovation,
investment, and the business environment, including corruption, infrastructure and access to finance.
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The survey has been conducted twice in Indonesia, in 2009 and 2015. Data from select ASEAN and
regional peers was also used. The 2015 Indonesian data used in this research covered around 1300
firms stratified by region, size and industry. Industries covered included key manufacturing subsectors
such as food, garments and textiles; retail; and other services. This research used the questions
asking whether respondents had engaged in process innovation through automation of manual
processes or uptake of technology.
Other metrics of uptake of automation were calculated for reference and comparison. These made
use of:
§
§
§
§

4.2

Compustat firm level data on financial performance, markets and other statistics.
UN Comtrade data on international trade including imports of machinery by type, allowing the
inference of sectors of use.
Asian Development Bank Input Output tables estimating consumption of machinery by type by
sector.
World Bank estimates of sectoral Gross Value Added for manufacturing and services.

About the approach

This report compares the uptake of automation between Indonesian companies and between
countries. This analysis helps to benchmark Indonesia’s performance in becoming more automated. It
also informs the estimated economic gains under a scenario where Indonesia accelerates the uptake
of automation.
As described in Section 1, there is no perfect metric for the uptake of automation because of the
variety of factors that influence decisions to automate within a particular economy and the interaction
of underlying and new automation. This analysis is concerned with new investments in automation
technology, as opposed to underlying levels of automation, because it is these investments that lead
to productivity increases and so economic growth.
The metric used is the proportion of companies in a given category (country or group of companies)
that self-reported investments in automation or technology. This analysis draws on the World Bank
Enterprise Survey, which asked manufacturing and services companies about these categories of
investment. Technology investment was included alongside the specific question on process
automation because of the different forms that automation takes across sectors. Automation of
manual processes was underreported in services relative to manufacturing.
The most recent iteration of this survey in Indonesia was in 2015. The other countries studied
conducted the survey either in 2015 or surrounding years. Most countries involved in the World Bank
Enterprise Survey did not use the module that includes the questions on automation and so the
available sample of countries is relatively limited. However, it contains most of Indonesia’s ASEAN
peers and India and Bangladesh, as shown in this report.
The report also compares types of companies within Indonesia. The comparison of small, medium
and large companies was derived from the size categories included in the survey. The comparison of
all companies to companies involved in global value chains is based on company characteristics such
as use of imported input materials, relationships with foreign parent companies, and reliance on
exports.
Note that the data has been adjusted to account for the way that the survey was delivered.
Respondents were only asked about automation if they reported that they had engaged in process
innovation. This excluded companies who did not perceive themselves to be involved in innovation.
Further, self-reporting of innovation and automation relies on subjective interpretations of these terms.
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There appear to have been language and cultural issues affecting this self-reporting between
countries.
Several other metrics for automation were considered such as data on machinery imports and
consumption in manufacturing and agriculture. Our stakeholder consultation also included discussions
on the extent of automation in Indonesia. These sources were relatively consistent in benchmarking
Indonesia as a low to moderate performer in the uptake of automation. This gives us confidence in the
use of the metric based on automation and technology investment.

5

Evaluating potential gains due to automation

5.1

About the data

This analysis is based on Statistics Indonesia (BPS) time series on GDP, employment, hours and
population. The 2000-2014 GDP time series is adopted to show GDP growth over this time period at
the ISIC 2.0 sector level. The employment time series and SAKERNAS data was used to estimate
hours worked across the nine ISIC 2.0 sectors. The employment time series provided the total
employees per sector per year. SAKERNAS provided data on hours worked by individual workers
which was aggregated to provide a sector level average of weekly hours. In conjunction, this data was
used to estimate historical labour productivity growth.
BPS data was also used for the projection of employment by sector and labour force growth. The BPS
Population Projection 2051-2045 data on population and dependency ratio by year was used to infer
labour force growth across the economy. The historical employment series described above was used
to estimate how this labour force growth would be distributed across the economy.
This section also brings together several pieces of analysis previously described:

5.2

•

The task change analysis is used to estimate labour productivity growth due to automation.

•

The uptake of automation analysis is used to estimate the impact were Indonesia to
accelerate automation to meet ASEAN leading rates.

•

The wage premium analysis was used to find the value of hours reallocated to more
automatable work.

About the approach

First, we calculate total labour productivity growth from 2000 to 2015. These calculations are
conducted at the sectoral level to capture variations in performance over time, and then the analysis
is aggregated to the economy wide level at the last stage of estimating future GDP.
We use BPS GDP data to find annual gross value added (GVA) across the nine ISIC 2.0 sectors and
inflate these figures to 2019 rupiah using sectoral implicit indices. We take historical employment
figures and an estimate of weekly hours to estimate the total hours worked for each year in this
period. We divide GDP by total hours per sector to find labour productivity in output per hour terms in
2019 rupiah.
From these figures, we can estimate cumulative and annual growth in labour productivity by sector
from 2000 to 2015. There are some fluctuations in these estimates due to the nature of the original
data, variability in market prices in sectors such as oil and gas, and other typical challenges in
measuring labour productivity.
Second, we calculate labour productivity growth due to automation and to other causes from
2000 to 2015. We begin with the task change analysis described in section 1 of this appendix. That
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analysis describes the hours of automatable work saved due to automation by sector from 2000 to
2015. The impact of this time saved on labour productivity comprises increased efficiency of output, or
the ability of workers to produce the same output with fewer hours, and increased value of hours
reallocated to new labour:
% 𝑔𝑟𝑜𝑤𝑡ℎJI(F*J(,FG = % 𝑔𝑟𝑜𝑤𝑡ℎMVV,W,MGWX × % 𝑔𝑟𝑜𝑤𝑡ℎZJLIM
% 𝑔𝑟𝑜𝑤𝑡ℎJI(F*J(,FG =

𝐻𝑜𝑢𝑟𝑠O[[[
𝐻𝑜𝑢𝑟𝑠 𝑠𝑎𝑣𝑒𝑑O[N^
×(
× 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 + 1)
𝐻𝑜𝑢𝑟𝑠O[[[ − 𝐻𝑜𝑢𝑟𝑠 𝑠𝑎𝑣𝑒𝑑O[N^
𝐻𝑜𝑢𝑟𝑠O[[[

Where:
§
§
§
§
§
§

% 𝑔𝑟𝑜𝑤𝑡ℎJI(F*J(,FG is the cumulative labour productivity growth due to automation for a sector
from 2000 to 2015.
% 𝑔𝑟𝑜𝑤𝑡ℎMVV,W,MGWX is the cumulative labour productivity growth due to increased efficiency of
output.
% 𝑔𝑟𝑜𝑤𝑡ℎZJLIM is the cumulative labour productivity growth due to the increased value of hours
reallocated to new labour.
𝐻𝑜𝑢𝑟𝑠O[[[ is the average weekly hours worked in 2000.
𝐻𝑜𝑢𝑟𝑠 𝑠𝑎𝑣𝑒𝑑O[N^ is the hours of automatable work saved by automation from 2000 to 2015.
𝑃𝑟𝑒𝑚𝑖𝑢𝑚 is the wage premium for hours of non-automatable work described above, which can be
used as a proxy for the additional value created when hours saved by automation are reallocated
to more complex, higher value work.

This analysis finds the proportion of total labour productivity growth from 2000 to 2015 that was due to
automation. The residual is assumed to be due to other causes.
Third, we project labour productivity growth from 2019 to 2030. The scenarios under this analysis
start from the present year and go out to 2030. We estimate what the productivity growth will be over
this period by starting with the historical growth figures above. For our starting scenario, we project
the same growth rates from 2000 to 2015 forward from 2015 to 2030 for total labour productivity
growth, growth due to automation, and growth due to other causes.
We make adjustments for some sectors where the productivity growth from 2000 to 2015 was very
high or very low.25 These projections are from 2015 to 2030. To find the growth rates from 2019 to
2030, we account for estimated productivity changes from 2015 to 2019.
Fourth, we estimate changes in total hours worked per year per sector from 2019 to 2030. Total
hours worked per sector is a product of employment and average weekly hours per employee.
Employment growth is driven by labour force growth and changes in sectoral workforce share. Labour
force growth is estimated from BPS projections on population and dependency ratios. Once we know
the total population and the ratio of the working age to the non-working age population, we are able to
find the number of people in the working age population per year from 2019 to 2030. This allows us to
25
Some sectors had negative total labour productivity growth under the estimates calculated from 2000 to 2015. However,
labour productivity growth due to automation is estimated to be positive for these sectors during that period as we observe task
changes towards more complex tasks, and these growth rates are projected forward to 2015-2030. This means that labour
productivity growth due to other causes is estimated to be negative (because it is the residual between total and automationdriven growth). Instead of projecting these negative growth rates forward for 2015-2030, we assume that labour productivity
growth from other causes will contribute the same proportion of total labour productivity growth in these sectors as it did across
the whole economy from 2000 to 2015. The total labour productivity growth projection for these sectors is then the product of
the growth rates due to automation and other causes.

Some other sectors had very high estimated total labour productivity growth from 2000 to 2015, which we assume will not
continue. For these sectors, the total labour productivity growth rate from 2015 to 2030 is constrained to equal the economy
wide total growth rate from 2000 to 2015. The automation component of labour productivity growth is calculated by projecting
forward the historical growth rate. Growth in labour productivity due to other causes is then forecast as the difference between
these two growth rates.
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find labour force growth, which is applied to current employment to estimate the total number of
employees in the economy each year from 2019 to 2030.
The share of these employees between sectors is changing due to structural adjustments, chiefly the
departure of workers from agriculture to other sectors. This is accounted for by first finding the
proportion of workers in each of the nine ISIC 2.0 sectors from 2000 to 2017 (when the employment
series ends). The rate of change in these proportions is projected forward as a linear trend to 2030.
These calculations provide us with employment by sector per year from 2019 to 2030.
Weekly hours worked are held constant from 2015 to 2030 in the starting scenario. This allows us to
more easily isolate the expected impact of automation, given that its impacts on productivity are
created by changes in the way that workers spend hours of work. Moreover, based on historical data
any changes to average weekly hours are projected to be slight. These weekly hours figures are then
used to find total hours worked per sector from 2019 to 2030.
Fifth, we find GDP and GDP growth. We now know 2019 labour productivity on an hours worked
basis and total hours worked per sector from 2019 to 2030. We also have projections of how labour
productivity will grow over the same period. We multiply the 2019 labour productivity figure by the
projected growth rates to find labour productivity per year. We then multiply these output per hour
figures by total hours worked to find projected GDP per sector and then GDP growth. These sectoral
figures are built up to an economy wide level.
Finally, we repeat the process across scenarios with different conditions. The starting scenario
calculated using the steps above assumes that the current rate of automation-led productivity growth
will continue. This is based on an assumption that the uptake of automation by Indonesian companies
will remain the same, leading to the same growth in opportunities for increased efficiency, and that
workers will be able to reallocate their labour.
To capture the impact of policy decisions on the potential economic gains due to automation we vary
these assumptions across three scenarios. The scenarios are:
§

Starting scenario with current uptake of automation and full reallocation of labour. This is
calculated based on the methodology above.

§

Scenario with no reallocation of labour. Under this scenario, the current rate of uptake of
automation is assumed, but no hours saved by automation are reallocated to other work. They
drop out of the economy and offset the time savings due to automation.

§

Accelerated automation. Under this scenario, the uptake of automation in agriculture,
manufacturing, other industry and services catches up to the current rate of the ASEAN leader for
each sector by 2025. Full reallocation of labour is assumed. In detail:
§

The proportions of companies investing in automation in services, manufacturing and at the
aggregate level were compared to those sectors in the sample of ASEAN countries included
in Exhibit 8. Agriculture firms were not included in the World Bank Enterprise Surveys so for
this sector countries were instead compared on imports and consumption of agricultural
machinery as a proportion of agricultural gross value added (GVA) (UN Comtrade, FAO).

§

The uptake of automation in the leading country for each of services, manufacturing and the
aggregate economy was expressed as a proportion of Indonesia’s uptake of automation. This
provided a multiplier needed to increase Indonesia’s uptake in that sector to the leading
ASEAN rate. See Box 4 for a summary of the multipliers used. For example, the ASEAN
leader in manufacturing has 1.7 times the proportion of companies investing in automation as
Indonesia.
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Uptake of automation affects labour productivity growth because it drives annual savings in
hours of automatable work. By accelerating the rate of automation, we accelerate these
annual time savings. We multiply this annual time savings rate for each sector by the relevant
ASEAN multiplier described below. This becomes the annual savings rate for the sector from
2025 to 2030. Meanwhile, the annual rate accelerates from 2019 to meet this higher level in
2025. This provides an approximation of the time and productivity impact of increasing the
uptake of automation to meet the relevant leading ASEAN peer.

Box 4: Multipliers for uptake of automation
Country

Manufacturing

Services

Agriculture

Indonesia

1

1

1

ASEAN leader

1.7

1.5

3.8
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