
Estimation of environmental efficiency of energy, materials and emissions using FDH  

FDH を用いたエネルギー、原料、排出ガスに関する環境効率の推計  

○Michiyuki Yagi
*
, Hidemichi Fujii

†
, Katsuhiko Kokubu

‡
, Vincent Hoang

§
,  and Shunsuke Managi

**
 

○八木迪幸 ,  藤井秀道 ,  國部克彦 ,  Vincent Hoang, 馬奈木俊介  

 

1. Introduction 

 Recently, Ishinabe et al. (2013) empirically shows international companies would 

potentially carry a high cost of GHG emissions, using non -parametric approach (i.e. data 

envelopment analysis (DEA)). The purpose of this study is to estimate inefficiency and shadow 

price of other energy/materials/emissions related to environmental efficiency, using free 

disposable hull (FDH) method. In addition, this study examines that whether firms' investments 

for energy/materials/emissions efficiency gain profit s or losses between 2005 to 2013. 

 

2. Model 

 This study adopts directional distance function of FDH with resampling. This model first 

rewrites normal FDH model as directional distance function following Leleu (2009), and 

resamples all other decision making units (DMUs) with replacement following Daraio and Simar 

(2007) and Tauchmann (2011). This study assumes that 'reverse disposability' in terms of each 

input/undesirable outputs above, following Ray and Mukherjee (2007) and Witte and Marques 

(2010). In the model, the number of resampling is 100 DMUs at 100 times. In each iteration, each 

DMU is compared with other DMUs within the same industry during the whole period. Therefore, 

certain DMU may be evaluated referring to the frontier technology in the past or  future. 

 Next, following Lee et al. (2002) and Ishinabe et al. (2013), this study estimates shadow 

price of each 12 input/undesirable outputs, based on the above  model. In addition, this study 

regresses firms' investments for energy/materials/emissions  on each inefficiency score, 

controlling firm and time characteristics (i.e. return on sales, log(sales), capital labor ratio, and 

time/firm fixed effects).  

 

3. Data  

 Data in this study consists of firm-level unbalanced panel data in all industries between 

2005 to 2013, obtained from Bloomberg professional service. This study uses sales as desirable 

output, the number of employees, capital stock, and cost of goods sales as inputs, and each of 

energy/material/emissions as input or undesirable output. This stud y uses energy consumption 

and electricity used as variables of energy use, water use, discharged water, and paper 
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consumption as variables of material use, SO 2,  SOx, NOx, and VOC as environmental regulatory 

materials, and Scope1, 2 and 3 as variables of emissions for climate change.  

 

4. Results  

 Table 1 shows that the distribution table of inefficiency  score and shadow price in terms 

of each energy/materials/emissions. Although the inefficiency scores vary to some degree, about 

80% of DMUs are (super) efficient (<0.01). Compared Ishinabe et al. (2013) in terms of scope 1, 

2, and 3, the percentage of less than $100 is almost same as them (about 10%), but the percentage 

of $100-$1000 (about 10%) is less than them (18%). 

 Table 2 shows that brief summary of regression results. + and − denote that the 

coefficients are positive and negative at statistically significant level, respectively. In terms of 

emissions for climate change, the result implies that sustainable packaging and environmental 

quality management policy are done by effic ient firms. On the other hand, the result implies that 

relatively inefficient firms begin discussing climate change opportunities.  

Table 1. Result of inefficiency score and shadow price  
  Inefficiency score  Shadow price per 1 unit  

 obs <0.01 

Efficient  

≥0.01 

Inefficient  

 ≥$1000 

 

$100–1000 

 

$10–100 

 

$0–10 

 

Energy use         

Energy consumption (MWh)  6394 73.5% 26.5%  93.4% 1.3% 0.4% 4.9% 

Electricity used (MWh)  5205 74.0% 26.0%  67.8% 18.8% 6.3% 7.2% 

Material use          

Water use (cubic meter)  5679 71.6% 28.4%  87.8% 4.5% 1.3% 6.3% 

Discharged water (cubic meter)  497 88.1% 11.9%  94.0% 0.8% 1.0% 4.2% 

Paper consumption (ton)  891 91.9% 8.1%  94.5% 0.0% 0.8% 4.7% 

Environmental regulatory materials          

SO2 (metric ton)  753 82.1% 17.9%  91.0% 1.6% 0.4% 7.0% 

SOx (metric ton)  1802 85.7% 14.3%  94.3% 0.7% 0.2% 4.7% 

NOx (metric ton)  2633 81.6% 18.4%  93.6% 1.3% 0.5% 4.6% 

VOC (metric ton)  992 83.5% 16.5%  94.5% 0.9% 1.0% 3.6% 

Emissions for climate change          

Scope1 (metric ton)  2414 77.4% 22.6%  76.7% 11.6% 4.3% 7.4% 

Scope2 (metric ton)  2347 76.6% 23.4%  80.1% 9.2% 3.3% 7.5% 

Scope3 (metric ton)  1582 86.1% 13.9%  86.1% 7.8% 2.0% 4.1% 

 

Table 2. Regression result  
  Dependent variable: each inefficiency score 

Investment  Variable Energy 

use 

Material  

use 

Environmental 

regulatory 

materials  

Emissions for 

climate 

change 

Energy use - Energy efficiency Policy   +   

Material use  - Sustainable packaging  −   −  −  

 - Waste reduction policy      

Legitimation  - ESG Disclosure score  + +/−    

For 

environmental 

quali ty 

- Environmental quality management policy   −  + −  

- Green building policy   +   

- Biodiversity policy  −  −  −   

For climate 

change 

- Climate change opportunit ies discussed   + + + 

- Risks of cl imate change discussed      

- Climate change policy   −  +  

- Emissions Reduction Initiatives  −   −   

- New products -  climate change  + −   

 


