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Analysis of the Economic Effect of the Smart Factory-supporting
Government Programs
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* Minji Kim - Byungun Yoon

Department of Industrial & Systems Engineering, Dongguk University

The purpose of this study is to quantitatively analyze the policy effects in terms of macroeconomics for
companies through smart factory-supporting programs of Korean government. For the analysis of economic
effects, a total of two analysis methods are conducted. First, the trend, growth rate, and growth contribution were
examined through the analysis of GDP contribution, and second, the production, value-added, employment
inducement effects, and forward-backward linkage effects in the input-output model were examined. As a result,
the average annual growth rate of companies that built smart factories was higher than GDP and manufacturing,
and the contribution to economic growth was higher than that of some manufacturing industries. In
forward-backward linkage effect, the influence coefficient was 1.2490 and the sensitivity coefficient was 2.2725,
all higher than the average of 1. This means that companies that implement smart factories influence the
domestic economy and affect other industries as core industries.
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Table 1. Linkage between Korean Standard Industrial Classification and Industry Association for Smart Factory Adopters

Korean Standard Industrial Classification of Smart Factory
Introducing Companies
(Criteria for Middle Classification)

Current Input-Output Table Current Input-Output Table
(Consolidated Intermediate

Classification Standards)

(Based on Integrated Major
Classification)

Manufacturing Industry

1 Manufacture of food products Food products
Food products, beverages and
2 Manufacture of beverages beverages
tobacco
3 Manufacture of tobacco tobacco
4 Manufacture of textile; excluding clothing
5 Manufacture of clothing, clothing accessories and Textiles, textile products Textiles, textile products,
fur products leather and footwear
6 Manufacture of Leather, bags and shoes leather
Manufacture of wood and wood products;
7 ) . Wood and wood products
excluding furniture Wood and products of wood
8 Manufacture of pulp, paper and paper products Pulp and paper products and cork
9 Print and Record Media Replication industry Print and record media replication
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Table 1. Linkage between Korean Standard Industrial Classification and Industry Association for Smart Factory Adopters(Continued)

Korean Standard Industrial Classification of Smart Factory

Introducing Companies
(Criteria for Middle Classification)

Current Input-Output Table
(Consolidated Intermediate
Classification Standards)

Current Input-Output Table
(Based on Integrated Major
Classification)

Basic chemicals

Synthetic resin and synthetic rubber

11 Manufacture of chemicals and chemical products Chemical fiber
Fertilizers and pesticides . .
p' Chemicals and chemical products
Other Chemicals
12 Manufacture of medical materials and medicines Medicines
3 Manufacture of rubber Plastic goods
and plastic products Rubber products
L. Glass and glass products Other non-metallic mineral
14 [Manufacture of other non-metallic mineral products - -
Other non-metallic mineral products products
Primary steel product
. Nonferrous metal bars and primar .
15 Manufacture of basic metals P Y Basic metals
products
Metal casting
Manufacture of metalworking products; : .
16 : . ) Metal processing products Fabricated metal products
excluding machinery and furniture
Semiconductor
Electronic display
17 Manufacture of electronic components, computer, Other electronic components
precision and optical instruments equipment Computers and Peripherals Computer, Electronic and optical
Telecommunications, Broadcasting and equipment
Video, Sound equipment
Manufacture of Healthcare, precision, optical L
18 } Precision instrument
instruments and watch
. . . Maintenance and repair services
) ) Maintenance and repair services of ) i )
25 Manufacture of other machinery and equipment . . ) . of industrial machinery and
industrial machinery and equipment )
equipment
Non-Manufacturing Industry
Agriculture products
livestock products
. . L forestry products ) .
26 Agriculture, farming, farming industry — Agriculture, forestry and fishing
fishing products
Agriculture, Forestry and Fisheries
Services
Non-metallic mineral mining Coal, crude oil and natural gas . )
27 ; - —— Mining and quarrying
; excluding fuel Metallic and non-metallic minerals
57 Associations and organizations Social organization
Automobile and consumer goods repair
58 Personal and consumer goods repair activities |and personal services (automobile and
consumer goods repair services) Other services activities
Repair of automobiles and consumer
59 Other personal service activities goods and personal services

(personal services)

% If it falls under the integrated sub-classification among the contents of the ‘Current Input-Output Table (based on integrated middle

classification)’, it is indicated in parentheses.
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< Base point of input-output table >

Total
Sector 1 Sector 2 Sector 3 intermediate | Total Output
| demand |
Sector 1 80 120 40 240 400
Sector 2 120 60 20 200 300
Sector 3 80 30 60 170 200
Total
intermediate 280 210 120
inputs
< Comparison point of input-output table >
Total
Sector 1 Sector 2 Sector 3 intermediate | Total Output
demand
Sector 1 280 400
Sector 2 240 400
Sector 3 200 300
Total
intermediate 320 280 120
inputs

Figure 1. Input-Output Tables for RAS Analysis
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Table 2. Trends of Nominal GDP and Value Added
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41 GDP 7|9 = 24 Az}

GDP 719 = ¥4 A3} F B % GDPe} Al 2% E 2FEF
Ao BE F/PHA O Hiek F0l= <Table 2>0l A 1%
At 2PEFA £47199) B & 20219704 2 g
2 A 16,3257 7194l thal A A} 2014'd 4822
oA 2021 74% Yo B F23) Z7}3t3 9o, GDP thH]
HlE2 3.1% A 3.6% % Fsdh d5d FHo= A
& 2ntEFH BI7FAE 20143 0.9% QoA 2021 74%
HOZ H GDP thH] H]F2 2014 0.1% (27570 719) ol A
2021 3.6% (16,3257] 7190) 2. & A58,

GDP 7o = 24 A5} 3 A2 GDPY} Al 29 2 ArEFHS]
AA B4R o B @ Fro] 28] 3L E -2 <Table 3>°l| A &<l
& 4 AT 20149 8 20219744 =R714 9 FI7HA] Bt
BAELZ5.6%EGDP B ABEQ2.6%) T A2 F+ 8H4E
(2.6%) 20k A Ve o]w), 2 EZA = 7] 0] 2021
BAE-0.9% stetetglom, o] A& LR Y} EG oL

=
K3
3]

1

pul

ofr

(Unit: KRW 1 trillion, %)

Type 2014 2015 2016 2017 2018 2019 2020 2021 | Average
nominal GDP 1562.9 1658 1740.7 | 1835.6 | 1898.1 19244 | 19407 | 2071.6 1829
manufacturing, 422.6 441.1 458.8 494.6 505.6 485.4 480.9 5274 477.1

nominal value added

\ % of GDP 29.5 29 28.8 29.5 29.1 275 27.1 27.9 28.6
All of Smart Factory,
nominal value added, 48.2 52.9 56.3 59.5 62.2 65.2 72.9 74 61.4

(n=16,325)

\ % of GDP 3.1 3.2 3.2 3.2 3.3 3.4 3.8 3.6 3.3
C“msurila;feF:gg;“ °F1 09 6 14.1 26 34.8 46.6 65.2 74 )
ominal valne mided | (=275 | (1=1,180) | (n1=2,627) | (n=4,478) | (n=6,825) | (n=9,696) |(n=13,919) | (n=16,325)

\ % of GDP 0.1 0.4 0.8 1.4 1.8 24 34 3.6 -

Table 3. Trends in Growth Rate of Companies Introducing Smart Factories

(Unit: KRW 1 trillion, %)
Type 2014 2015 2016 2017 2018 2019 2020 2021 | Average
real GDP 1612.7 1658 17069 | 1760.8 1812 18527 | 1839.5 | 19158 | 1769.8

| growth rate(%) 32 2.8 2.9 32 2.9 22 -0.7 4.1 2.6
manufacturing, 4339 441.1 4513 468.1 4835 488.9 483.7 517 470.9
real value added

| growth rate(%) 3.2 1.7 23 37 33 1.1 11 6.9 2.6
All of Smart Factory,

real value added, 49.8 52.9 55 57.1 59.4 62.8 69.1 68.4 59.3
(n=16,325)

‘ growth rate(%) 11.8 6.3 4.4 3.5 4 5.7 10.1 -0.9 5.6
C“msurf;feF:;‘g‘rbyer off 9 6 13.9 25 332 44.9 61.8 68.4 )

ronl value added (1=275) | (n=1,180) | (n=2,627) | (n=4,478) | (n=6,825) | (n=9,696) |(n=13,919)|(n=16,325)

| growth rate(%) § 540.4 130.6 80.2 33 35.1 37.8 10.7 §
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Table 4. Contribution to GDP of Manufacturing and Smart Factory

Type 2014 2015 2016 2017 2018 2019 2020 2021 | Average
Contribution of N(I;)r;u)facturmg Industry 0.9 0.5 0.6 1 09 03 03 17 0.7
Contribution of Smart Factory (%p) 0.3 0.2 0.1 0.1 0.1 0.2 0.3 0 0.2
Contribution of manufacturing industry list(%p)
Manufacture of beverages and food 0 0 0 0 0 0 0 0 0
products
textiles and mam_lfacture of leather 0 01 01 0 0 01 01 0 01
articles
Manufacture of wood, paper, printing
and Manufacture of wearing apparel 0 0 0.1 0 0 0 0 0 0
products
Manufacture of coke and refined 01 0 0.1 0 01 0 01 0 0
petroleum products
Manufacture of chemicals and chemical 01 0.2 0 0.1 0.1 0 0 02 01
products
Manufacturg of other non-metallic 0 0 0 0.1 0 0 0 0 0
mineral products
Manufacture of basic metals 0.1 0 0 0 0.1 0 0 0.1 0
Manufacture of fabricated metal 0.1 0.2 0 0 0 0 01 0.1 0
products
Manufacture of electronic components,
computer, precision and optical 0.4 0.1 0.6 0.3 0.9 0.5 0.3 0.8 0.5
instruments equipment
Manufacture of electrical equipment 0.1 -0.1 -0.1 0.1 0.1 0 0 0.1 0
Manufacture of qther machinery and 0 0 01 0.5 0 0 0 03 0.1
equipment
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Table 5. Calculating the Proportion of Divisions Including Smart Factory Adopters

31

(Unit: million won)

Total sales in 2019"

Distribution Ratio

(Total = 1)
Type
: Smart Factory The whole |Smart Factory
The entire 2) .

Adopters industry Adopters

1 Food products, beverages and tobacco 93,148,360 21,910,003 0.7648 0.2352
2 Textiles, textile products, leather and footwear 54,861,102 6,135,391 0.8882 0.1118
3 Wood and products of wood and cork 27,559,378 9,336,352 0.6612 0.3388
4 |Coke, refined petroleum products and nuclear fuel 139,951,762 509,112 0.9964 0.0036
5 Chemicals and chemical products 306,158,488 59,623,661 0.8053 0.1947
6 Other non-metallic mineral products 31,209,284 6,649,730 0.7869 0.2131
7 Basic metals 170,481,807 18,515,685 0.8914 0.1086
8 Fabricated metal products 41,848,632 20,046,479 0.5210 0.4790
9 Computer, Electronic and optical equipment 482,136,766 34,819,139 0.9278 0.0722
10 Electrical equipment 75,103,335 20,615,977 0.7255 0.2745
11 Other machinery and equipment 94,400,565 37,894,004 0.5986 0.4014
12 Other transport equipment 365,824,700 67,893,458 0.8144 0.1856
13 Other manufacturing 10,695,997 2,930,909 0.7260 0.2740

Maintenance and repair services of industrial
14 i ) 2,930,062 193,693 0.9339 0.0661
machinery and equipment
15 Agriculture, forestry and fishing 12,770,943 810,478 0.9365 0.0635
16 Mining and quarrying 4,425,349 20,278 0.9954 0.0046
17 Electricity, gas and water supply 150,650,578 121,461 0.9992 0.0008
18 Collection, purification and distribution of water 26,741,446 611,661 0.9771 0.0229
19 Construction 385,823,922 4,115,096 0.9893 0.0107
20 Wholesale and retail trade 1,289,867,149 10,211,717 0.9921 0.0079
21 Transportation and storage 217,222,793 250,167 0.9988 0.0012
22 Accommodation and food service 158,565,205 18,730 0.9999 0.0001
23 Information and communication 169,927,169 474,966 0.9972 0.0028
24 Financial and insurance activities 891,998,566 7,337 1.0000 0.0000
25 Real estate activities 131,492,705 39,255 0.9997 0.0003
26 Professional, scientific and technical activities 226,608,156 417,308 0.9982 0.0018
27 Business support services 91,328,490 944,637 0.9897 0.0103
28 Education 136,250,421 2,253 1.0000 0.0000
29 Human health and social work 150,908,236 5,149 1.0000 0.0000
30 Other services activities 55,286,147 2,545,299 0.9540 0.0460
Excluding smart factory companies 198,920,440 0 1.0000 0.0000
Total 6,195,097,953 327,669,385 - -

1) Since the most recent industry-related table is 2019, this distribution ratio is also based on sales in 2019, and the sales data is based on the integrated
major classification of the industry-related table based on the Korean Standard Industrial Classification. (Data: National Business Survey of the National

Statistical Office, 2019).

2) Out of 16,325 participating companies (non-redundant business number), 16,333 companies were calculated excluding two companies with sales and missing

industries.
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Table 6. Production, Value-added, and Employment Inducement Coefficients(year=2021)

9, 182 o 1640 DatE Ao 2 FAHHUTH<Table 7>).

Production inducement

Value-added inducement

Employment inducement

Type coefficient coefficient coefficient
1 Smart Factory Introduction Company 1.243 0.285 2.139
2 Agriculture, forestry and fishing 0.067 0.034 0.087
3 Mining and quarrying 0.120 0.057 0.280
4 Food products, beverages and tobacco 0.048 0.012 0.088
5 Textiles, textile products, leather and footwear 0.024 0.005 0.073
6 Wood and products of wood and cork 0.032 0.010 0.103
7 |Coke, refined petroleum products and nuclear fuel 0.088 0.022 0.006
8 Chemicals and chemical products 0.191 0.052 0.210
9 Other non-metallic mineral products 0.018 0.005 0.037
10 Basic metals 0.187 0.035 0.116
11 Fabricated metal products 0.051 0.018 0.204
12 Computer, Electronic and optical equipment 0.084 0.034 0.084
13 Electrical equipment 0.072 0.020 0.104
14 Other machinery and equipment 0.050 0.016 0.133
15 Other transport equipment 0.063 0.014 0.090
16 Other manufacturing 0.004 0.001 0.019
17 Maintenance an.d repair servi'ces of industrial 0.102 0.054 0.561
machinery and equipment
18 Electricity, gas and water supply 0.062 0.017 0.037
19 | Collection, purification and distribution of water 0.016 0.009 0.080
20 Construction 0.004 0.002 0.019
21 Wholesale and retail trade 0.117 0.062 0.628
22 Transportation and storage 0.126 0.046 0.568
23 Accommodation and food service 0.036 0.012 0.197
24 Information and communication 0.036 0.020 0.122
25 Financial and insurance activities 0.052 0.031 0.156
26 Real estate activities 0.030 0.022 0.032
27 Professional, scientific and technical activities 0.115 0.058 0.566
28 Business support services 0.051 0.034 0.500
29 Public administration and de.fence; compulsory social 0.003 0.003 0.021
security

30 Education 0.001 0.001 0.012
31 Human health and social work 0.005 0.003 0.047
32 Arts, sports and recreation related services 0.004 0.002 0.030
33 Other services activities 0.010 0.004 0.091
34 Other 0.004 0.000 0.000
Average 0.092 0.029 0.219

Total (excluding smart factory companies) 1.873 0.715 5.304
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Table 7. The Ripple Effect of Companies Introducing Smart Factories (when Consuming, Investing, and Exporting KRW 10 billion)

Year Production (KRW 100 million) Value Added (KRW 100 million) Employment (number of people)
2019 167.0 63.1 57
2020 152.3 59.0 54
2021 187.3 71.5 53
Total 506.6 193.6 164

Table 8. Results of forward and backward chaining

Type Dispersion Sensibility
(Backward linkage effects) | (Forward linkage effects)

1 Smart Factory Introduction Company 1.2490 2.2725
2 Agriculture, forestry and fishing 0.9181 0.9499
3 Mining and quarrying 0.9252 1.8486
4 Food products, beverages and tobacco 1.1451 0.9652
5 Textiles, textile products, leather and footwear 1.2347 0.7220
6 Wood and products of wood and cork 1.1222 0.7358
7 Coke, refined petroleum products and nuclear fuel 1.1158 1.2646
8 Chemicals and chemical products 1.1970 1.8526
9 Other non-metallic mineral products 1.1272 0.5828
10 Basic metals 1.3037 1.5463
11 Fabricated metal products 1.1314 0.7228
12 Computer, Electronic and optical equipment 1.0335 1.1057
13 Electrical equipment 1.2105 0.9402
14 Other machinery and equipment 1.1778 0.6982
15 Other transport equipment 1.3169 0.8571
16 Other manufacturing 1.1787 0.4726
17 | Maintenance and repair services of industrial machinery and equipment 0.8894 1.2561
18 Electricity, gas and water supply 1.1242 1.1097
19 Collection, purification and distribution of water 0.8371 0.5636
20 Construction 1.0026 0.4807
21 Wholesale and retail trade 0.8226 1.5466
22 Transportation and storage 1.0532 1.7794
23 Accommodation and food service 1.0571 0.9252
24 Information and communication 0.7832 0.9988
25 Financial and insurance activities 0.7272 1.1163
26 Real estate activities 0.6155 0.9100
27 Professional, scientific and technical activities 0.8641 1.5879
28 Business support services 0.6909 1.1610
29 Public administration and defence; compulsory social security 0.6213 0.7022
30 Education 0.6752 0.4150
31 Human health and social work 0.8750 0.4610
32 Arts, sports and recreation related services 0.8279 0.4667
33 Other services activities 0.9820 0.5306
34 Other 1.1648 0.4522

Average 1.0000 1.0000
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