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Abstract : Resource productivity (GDP/DMC) is defined as GDP divided by DMC. However, it has shortcomings when estimating the
value-added generated from material processing. In this paper, an energy coefficient is applied to GDP to develop a sub-indicator
(referred to as GDPe/DMC). Consequently, South Korea, which is a secondary industry-oriented country, created 1,094.60 USD/ton
from input materials and was ranked 4th on the OECD list, which is 10 levels higher than the level estimated by GDP/DMC. However,
Luxembourg, which is a tertiary industry-oriented country, is ranked 16th on the OECD list, which is 12 levels lower than the level
estimated by GDP/DMC. The resource productivity estimated by the sub-indicator (GDPe/DMC) developed in this study indicates that
secondary industry-oriented countries are undervalued in the existing main GDP/DMC calculation. On the other hand, tertiary
industry-oriented countries are downgraded due to the industrial features of the GDPe/DMC calculation. As a result of this paper,
GDPe/DMC could be considered a more reasonable indicator to directly reflect the material input effect compared to the existing main
indicator, GDP/DMC. This means that GDPe/DMC-induced resource productivities could be estimated to be slightly higher than the
GDP/DMC-induced resource productivities for secondary industry-oriented countries. It is expected that the sub-indicator,
GDPe/DMC, proposed in this study could be useful especially for comparing and analyzing the resource productivities between
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countries that have different industry structures. This study intended to consider a structurally energy/resource-intensive industry in
estimating and analyzing national-level resource productivity. Thus, the sub-indicator, GDPe/DMC, may help minimize the distortion
of interpreting national resource productivities in various situations, and be utilized as a more efficient tool when used together with

GDP/DMC.
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Table 1. The three methods to estimate the GDP.
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2.1. GDP(Gross Domestic Product)
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The gross value of final products

: The sum of The gross final products value, no consideration of the intermediate
consumption

The gross value added

: The sum of value added from each stage of production

The gross value of output - The gross value of
intermediate consumption

" Deduct the gross value of intermediate consumption from the gross value of output
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Figure 1. The GDP, labor force participation(current year prices, the OECD countries)[4].
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2.2. DMC(Domestic Material Consumption)
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Table 2. Energy consumption and its proportion by industry in Korea and the proportion of each industry in GDP of Korea.

Category P'roportior.l of'each Number.of Industrial propotion b}./ total Er'lergy consumption Energy' proportion
industry in GDP companies number of companies by industry (toe, MWh) by industry
Primary Industry 2.0% 11 0.23% 18.8k 0.01%
Secondary Industry 38.0% 2,974 63.11% 148,545.6k 95.87%
Tertiary Industry 60.0% 411 8.72% 3,564.7k 2.30%
Buildings 1,317 27.94% 2,813.4k 1.82%
Total 100.00% 3,396 72.06% 152,129.1k 98.18%

Table 3. Energy consumption and its proportion by industry in U. S. and the proportion of each industry in GDP of U. S.

Category Proportior.l of each industry Energy consumption by industry Energy- proportion
in GDP (toe, MWh) by industry
Primary Industry 0.9% 353.8m 4.46%
Secondary Industry 21.9% 7,406.3m 93.27%
Tertiary Industry 77.2% 180.1m 2.27%
Total 22.8% 7,760.1m 97.73%
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Table 4. Material consumption per person and resource productivity ranking of OECD countries (as of 2017)

Countries Magg;%g?g:;gﬁ ‘;ion Ranking Countries R(eé%l;jgggij;j:;\g;y Ranking
Chile 40.4 1 Switzerland 7,550.52 1
Australia 37.7 2 Netherlands 5,292.95 2
Finland 32.8 3 UK 4,799.54 3
Iceland 32.0 4 Luxembourg 4,468.51 4
Estonia 31.1 5 Japan 4,315.81 5
Canada 28.7 6 Italy 4,072.45 6
Norway 24.5 7 France 3,337.43 7
Denmark 24.5 8 USA 3,215.91 8
Sweden 24.1 9 Belgium 3,209.85 9
New Zealand 24.1 10 Spain 3,197.79 10
Luxembourg 23.8 11 Norway 3,092.62 11
Ireland 23.0 12 Ireland 3,071.27 12
Poland 18.9 13 Israel 3,059.93 13
Austria 18.7 14 Korea 2,792.35 14
USA 18.6 15 Germany 2,764.95 15
Lithuania 18.1 16 Austria 2,522.90 16
Germany 16.1 17 Denmark 2,344.92 17
Portugal 16.1 18 Iceland 2,286.24 18
Czech Rep. 15.6 19 Sweden 2,218.27 19
Belgium 13.8 20 New Zealand 1,790.49 20
Hungary 13.8 21 Slovenia 1,777.08 21
Latvia 13.3 22 Costa Rica 1,653.09 22
Turkey 133 23 Greece 1,626.22 23
Slovenia 13.2 24 Canada 1,554.68 24
Israel 13.1 25 Australia 1,423.33 25
Slovak Rep. 12.6 26 Finland 1,411.31 26
France 12.0 27 Slovak Rep. 1,388.25 27
Greece 11.4 28 Portugal 1,332.71 28
Korea 11.3 29 Czech Rep. 1,320.89 29
Switzerland 11.0 30 Latvia 1,171.47 30
Netherlands 9.2 31 Mexico 1,131.37 31
Japan 8.9 32 Colombia 1,114.77 32
Spain 8.8 33 Hungary 1,058.40 33
UK 8.4 34 Lithuania 937.02 34
Mexico 8.3 35 Turkey 799.23 35
Italy 8.0 36 Poland 724.83 36
Costa Rica 7.4 37 Estonia 656.39 37
Colombia 5.9 38 Chile 372.30 38
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Figure 2. Regarding energy and material consumption, remanufacturing is far ahead of manufacturing[11]
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Table 5. GDP/DMC and GDPe/DMC ranking comparison of OECD Countries.

comties | OO | Gop | vy | secondry | tentary | PP | “Gppey | Ranking
DMC industry industry industry DMC changes
Switzerland 7,550.52 1 0.6% 24.5% 71.9% 2,031.09 1 -
Japan 4,315.81 5 1.2% 29.2% 69.0% 1,348.69 2 A3
Ireland 3,071.27 12 1.2% 36.4% 55.6% 1,149.27 3 A+9
Korea 2,792.35 14 2.0% 38.0% 60.0% 1,094.60 4 A+10
Netherlands 5,292.95 2 1.9% 17.7% 70.1% 1,080.56 5 V-3
UK 4,799.54 3 0.6% 18.2% 70.4% 1,000.22 6 v.3
Norway 3,092.62 11 2.0% 29.8% 56.8% 966.44 7 A4
Italy 4,072.45 6 2.0% 21.3% 66.4% 963.34 8 v-2
Germany 2,764.95 15 0.8% 27.5% 61.7% 808.75 9 A6
Spain 3,197.79 10 2.8% 20.1% 67.8% 723.50 10 -
Belgium 3,209.85 9 0.7% 19.2% 69.3% 697.82 11 v.2
Austria 2,522.90 16 1.2% 25.4% 62.6% 689.26 12 A4
USA 3,215.91 8 0.9% 18.3% 77.2% 684.67 13 V.5
France 3,337.43 7 1.5% 17.2% 70.3% 665.15 14 v-7
Israel 3,059.93 13 1.2% 18.9% 70.1% 658.50 15 v-2
Luxembourg 4,468.51 4 0.2% 11.2% 79.3% 653.07 16 v-12
Sweden 2,218.27 19 1.4% 22.1% 65.1% 539.48 17 A+)
Denmark 2,344.92 17 1.3% 20.7% 64.9% 538.74 18 v-1
Slovenia 1,777.08 21 1.8% 28.4% 56.7% 531.44 19 A+)
Iceland 2,286.24 18 3.8% 19.5% 65.6% 502.86 20 v-2
Czech Rep. 1,320.89 29 2.1% 32.7% 55.1% 448.11 21 A3
Slovak Rep. 1,388.25 27 2.4% 28.9% 58.4% 423.35 22 A5
New Zealand 1,790.49 20 5.9% 20.4% 65.2% 410.65 23 v.3
Canada 1,554.68 24 1.9% 24.0% 67.1% 408.10 24 -
Finland 1,411.31 26 2.3% 24.4% 59.8% 370.96 25 v+]
Mexico 1,131.37 31 3.4% 30.9% 60.1% 368.03 26 A5
Australia 1,423.33 25 2.7% 23.5% 67.0% 367.36 27 v-2
Costa Rica 1,653.09 22 4.7% 19.3% 68.3% 363.43 28 V-6
Colombia 1,114.77 32 6.4% 26.8% 57.6% 319.49 29 A3
Portugal 1,332.71 28 2.1% 19.1% 65.4% 286.80 30 v-2
Hungary 1,058.40 33 3.8% 252% 55.9% 284.97 31 A+)
Greece 1,626.22 23 3.9% 13.8% 69.7% 273.04 32 V-9
Lithuania 937.02 34 3.5% 25.9% 60.4% 260.49 33 At]
Latvia 1,171.47 30 3.6% 19.0% 64.8% 251.52 34 v-4
Turkey 799.23 35 6.0% 29.1% 53.5% 244.72 35 -
Poland 724.83 36 2.9% 28.4% 56.6% 217.12 36 -
Estonia 656.39 37 2.4% 23.6% 60.8% 167.91 37 -
Chile 372.30 38 4.0% 29.4% 57.9% 115.50 38 -
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