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Description
EEI is an index of sustainability based on fossil fuel energy consumption (FFEC) per unit of consumption expenditure (HWE).
 The index measures the consumption of energy generated from fossil fuel sources like coal, petroleum and natural gas which are non-renewable and release CO2 into the atmosphere. Note that by basing the measure of fuel efficiency on HWE rather than GDP, which is commonly used, we assess the extent to which energy is being efficiently utilized for the ultimate benefit of human beings, not merely for production and growth for their own sake. In calculating EEI, we take into account the long gestation period and long life span of investments in renewable energy and energy efficiency. For the purpose of this study, we have used a period of 10 years. 

The index measures the change in fossil fuel energy efficiency over time, where FFEC0 and FFEC1 represent fossil fuel energy consumption in year one and two and HWE0 and HWE1 represent human welfare consumption expenditure for year one and two. FFER is the ratio of fossil fuel energy consumption to HWE. FFERΔ1 is the change in the ratio for year one. FFERΔ-1 is the change in the ratio the previous year. FFERΔ-2, etc. are defined analogously. 
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The Energy Efficiency Index EEI for any year assigns present value (VFFER) to changes in FFER during the previous 10 years as represented by FFERΔ-1, FFERΔ-2 … FFERΔ-10. VFFER starts with a value of 1 and diminishes at the rate of 0.1 per year. Thus, VFFER-1 = 1, VFFER-2 = 0.9, VFFER-3 =  0.8, ….. VFFER-11 = 0.0. EEI is given by

EEI1 = 1 – [(VFFER-1  x FFERΔ-1) + (VFFER-2 x FFERΔ-2) +……..( VFFER-10 x FFERΔ-10)] 

EEI1 = 1 – [(0.1 x FFERΔ-1) + (0.2 x FFERΔ-2) +……..(1.0 x FFERΔ-10)] 
------------  (1)

As EEI increases, the number within brackets becomes more negative in value. EEI increases either as a result of improving overall energy efficiency per unit of HWE or by replacing fossil fuel with renewable energy sources, i.e. either by decreasing FFEC or by increasing HWE.
 

Methodology
Calculation of FFEC/HWE:

1. HWE is the sum of Household consumption expenditure (HCE) and Human welfare government expenditure (HWGE)

2. HWE = HCE + HWGE

3. HWGE is the sum of Government expenditure on Education(Ed), Health(He), Housing & community amenities (Ho), Environment protection (Ep), Recreation, culture & religion (Re) and Social protection (Sp)

4. HWGE = Government expenditure on Ed + He + Ho + Ep + Re + Sp

5. HWGE data is taken from the UN System of National Accounts (SNA) http://data.un.org/Data.aspx?d=SNA&f=group_code%3A301
6. HWGE values are in the local currency in UN SNA database. HWGE is converted to constant 1990$ by taking the ratio of General government consumption expenditure in constant 1990$ to General government consumption expenditure in local currency. 

7. HCE is also in constant 1990$ taken from UN Stats database: http://unstats.un.org/unsd/snaama/dnlList.asp
8. HWE which is the sum of HCE and HWGE is in constant 1990$. It is converted to 2005 international dollars PPP by taking the ratio of GDP in 2005 international dollars PPP and constant 1990$
9. Thus the final HWE is in 2005 international dollars PPP. The total HWE (without dividing it by the population) is used for calculating Fossil fuel consumption per unit of HWE. 

10. Fossil fuel energy consumption is calculated as the sum of coal (C), petroleum(P) and natural gas (NG) consumption in quadrillion BTU
11. FFEC = C+P+NG

12. The ratio of FFEC to HWE is taken as 10^15*FFEC/HWE as FFEC is in quadrillion BTU. The result is FFER which is in BTU per (2005) dollar PPP

Calculation of EEI-2005:

1. EEI is calculated for 16 countries for the year 2005. 
2. FFEC is taken from the year 1995 to 2005. 
3. HWE is available for 5 year intervals from 1995 to 2005. For the years that are intermediate to the 5 year interval, HWE value is projected by taking the difference in HWE of the 5 year interval and dividing it by 5 to get equal distribution of the values. It is done with the formula: 
HWE for current year = [HWE for previous year + (HWE for year 5 - HWE for base year)/5]
Eg:  Sweden’s 1975 HWE = 111,352,688,837

Sweden’s 1980 HWE = 120,932,647,777

HWE for 1976 = [HWE for 1975 + (HWE for 1980 – HWE for 1975)/5]

= [111,352,688,837 + (120,932,647,777 - 111,352,688,837)/5]

= [111,352,688,837 + 1915991788]

=113,268,680,625
Similarly, HWE for 1977 = [HWE for 1976 + (HWE for 1980 – HWE for 1975)/5]

4. The ratio of FFEC to HWE is taken from 1995 to 2005. 
5. EEI for 2005 is calculated as 

EEI2005  = 1 – [(0.1 x FFER2004) + (0.2 x FFER2003) +……..(1.0 x FFER1995)]
EEI for the 16 countries is calculated similarly. 

Calculation of EEI historical:
1. EEI is calculated from 1985 to 2005 for 9 countries. 

2. FFEC is calculated from 1980 to 2005 for 9 selected countries. For the period between 1975 to 1980, FFEC values are projected using the 1975 and 1980 value.  

3. HWE is available for 5 year intervals starting from 1975 for the 9 selected countries. For the years that are intermediate to the 5 year interval, HWE value is projected with the formula: 

HWE for current year = (HWE for previous year + (HWE for year 5 - HWE for base year)/5)

4. The ratio of FFEC to HWE is taken from 1975 to 2005. 

5. EEI is then calculated with the equation:

EEI1 = 1 – [(0.1 x FFERΔ-1) + (0.2 x FFERΔ-2) +……..(1.0 x FFERΔ-10)]
6. EEI for 2000 is calculated as 

EEI2000  = 1 – [(0.1 x FFER1999) + (0.2 x FFER1998) +……..(1.0 x FFER1990)]
EEI for all other years & countries is calculated similarly. 

7. EEI30  is calculated as the rate of change of FFER from 1975 to 2005. 

FFER1975 = FFEC1975/HWE1975
FFER2005 = FFEC2005/HWE2005
EEI30 = 1 – {FFER2005 – FFER1975}/FFER1975
Data 
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1995

FFEC/HWE 

2005

EEI 2005

Brazil 6,906 60% 5145 5508 0.98

China 13,919 93% 30386 28181 1.04

Croatia 7,881 79% 7875 7062 1.00

Germany 6,573 85% 7611 6732 1.05

India 7,582 92% 11911 9834 1.06

Italy 5,793 91% 6664 6488 1.01

Japan 6,636 83% 7707 7465 1.02

Korea, Rep 12,376 85% 14501 14067 1.05

Mexico 5,987 92% 7684 6416 1.06

Russia 19,950 89% 26199 17852 1.05

South Africa 20,228 98% 17627 15855 1.01

Spain 6,481 85% 6104 6455 0.94

Sweden 8,857 37% 6356 4683 1.13

Turkey 5,850 90% 5871 6032 1.02

UK 5,451 89% 7667 5765 1.15

US 9,146 85% 11499 8941 1.16

col 2: All types of energy in Btu/2000 intl dollars

col 4-5: FFEC/HWE = BTU/$

              FFEC = Fossil fuel consumption in quadrillion BTU

             HWE is in constant$ 2005 PPP. Values for year 2005. 


Table 1: Total energy to GDP is in Btu per (2000) dollars PPP. FFEC/HWE = BTU per (2005) dollars PPP. FFEC = Fossil fuel consumption in quadrillion BTU. HWE is in 2005 international dollars PPP. Values are for the year 2005. Source: H1-EEI 2005.xls
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FFEC/HWE is in BTU per (2005) dollar

Country

FFEC/HWE 

for 1975

FFEC/HWE 

for 2005

EEI 1985 EEI 1990 EEI 1995 EEI 2000 EEI 2005 EEI

30

Spain 7,316 6,455           1.02 1.06 1.03 1.01 0.94 1.12

Italy 10,505 6,488           1.23 1.07 1.01 1.01 1.01 1.38

Korea 11,506 14,067         0.95 1.13 0.86 0.82 1.05 0.78

Japan 13,799 7,465           1.33 1.14 1.01 1.03 1.02 1.46

China 81,589 28,181         1.22 1.16 1.04 1.09 1.04 1.65

India 8,664 9,834           1.00 0.91 0.92 0.93 1.06 0.87

US 20,161 8,941           1.40 1.26 1.07 1.08 1.16 1.56

UK 13,299 5,765           1.21 1.14 1.13 1.11 1.15 1.57

Sweden 12,774 4,683           1.35 1.23 1.08 0.97 1.13 1.63

Table 2: Trends in EEI from 1985 to 2005. FFEC/HWE is in BTU per (2005) dollar Source: H1-EEI.xls

Commentary

Table 1 commentary

Table 1 shows the fossil fuel consumption (FFEC) per unit of human consumption expenditure (HWE), FFEC as a % of total energy consumption, and the derived Energy Efficiency Index (EEI) for select countries. FFEC as a % of total energy indicates the extent of dependence on fossil fuel energy sources vs. renewable energy sources, which ranges from a low of 37% in Sweden to a high of 93% in China. FFEC per unit of HWE (in constant 2005 intl dollars) ranges from a low of 4683 btu per dollar in Sweden to a high of 30,386 btu in China, a factor of 6.4. About 60% of this difference is the result of Sweden’s lower dependence on fossil fuel energy sources in comparison to China. The remainder of the difference is due to Sweden’s higher overall energy efficiency. 
EEI 2005 measures the change in the FFEC/HWE ratio between 1995 and 2005. Values greater than 1.0 indicate decreasing use of fossil fuels and/or increasing HWE. While China’s FFEC rose by 90% during this period due to a huge expansion of manufacturing capacity, HWE rose 104%, resulting in an EEI of 1.04. Russia’s FFEC rose only 5% during the same period, while its HWE rose by 54%, resulting in an EEI of 1.05. The full benefits of these improvements will only be reflected by 2015. We were unable to include Russia in Table 2, due to the absence of reliable data during the period immediately prior to and subsequent to the breakup of the USSR. Thus, data on Russia’s EEI for the period 1995-2005 must be taken with caution.
India’s FFEC rose by 42% while its HWE rose by 72%, resulting in an EEI of 1.06. Spain’s FFEC rose 54% while its HWE rose only 46%, resulting in a decline in overall fossil fuel energy efficiency as reflected by an EEI of 0.94. Of the countries studied, the only other one to report a decline in energy efficiency was Brazil with a EEI of 0.98. Three countries – USA, UK and Sweden – registered EEIs of more than 1.10.
Table 2 commentary

Table 2 presents historical data on changes in fossil fuel energy efficiency per unit of economic welfare from 1975 to 2005 as measured in terms of energy units per unit of HWE. It also shows the historical values for EEI from 1985 to 2005 and a 30 year average of the change in FFEC/HWE (EEI30). Of the nine countries studied, only Korea and India recorded a decline in fossil fuel energy efficiency over the period 1975-2005, as reflected in EEI30 values of less than 1.00. China registered the largest improvement over the 30 year period (65%), followed by Sweden (63%), UK (57%) and USA (56%).
 

Data Sources


	Excel sheets used
1. EEI 2005 – Table 1
2. EEI 1975 to 2005 – Table 2

3. HWE historical

4. Working sheet for calculating EEI


Notes/Appendix
	· China’s HWGE for 2005 is projected from the % growth in GDP from 2003 to 2004. 

· Mexico’s HWGE for year 2005 is projected from % growth in GDP from 2004 to 2005

· Brazil's HWGE includes only Education & Health. Other categories are all included under one heading of Other services

· Environmental protection for US is included under economic affairs expenses in UN SNA93 data. 

· China's government website provides only 1 category as Social, Cultural & Education development

· South Africa's HWGE is projected for 2005 from the % growth in GDP from 2005 to 2006


� Mukkai, Saraswathi. “Pg.1, Economic Welfare Index, MSS Working paper”


� Jacobs, Garry & Slaus, Ivo. “Indicators of Economic Progress” 2010


� Mukkai, Saraswathi. “Pg.3, Economic Welfare Index, MSS Working paper”


� Another method to project the values is to take the compound growth rate for the five years and apply it, so that each year the amount of increase would have been larger, but the percentage would have remained the same. 





� Jacobs, Garry & Slaus, Ivo. “Indicators of Economic Progress” 2010.
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Methodology

		

		Indicators used:

		Energy consumption by type

		HWC PPP in constant 2000 dollars

		Methodology:

		The total fossil fuel energy consumption is obtained by adding up the energy consumption data for the subcategories – oil, gas, coal.

		FFEI= (Fossil fuel energy consumption* 10^15) / (HWE PPP)

																Fossil fuel energy consumption is in Quadrillion BTUs hence the conversion factor of 10^15

		%change in FF energy efficiency for 1 year interval= ((FFEI5-FFEI1)/FFEI1)/5

		%change in FF energy efficiency for 5 year interval= ((FFEI5-FFEI1)/FFEI1)

		%change in FF energy efficiency for 10 year interval= ((FFEI10-FFEI1)/FFEI1)

		EEI = 1-%change in FF energy efficiency

				For Mexico, Turkey & South Africa - The HWE for 1995 has been projected based on GDP growth





Data

		

		Country		FFC for 1995		HWE for year 1995		FFC for 2005		HWE for year 2005		Total Energy to GDP		FFEC as % of total		FFEC/HWE 1995		FFEC/HWE 2005		old EEI		EEI 2005

		Brazil		4.23		821,256,288,722		5.63		1,022,192,102,680		6,906		60%		5145		5508		0.93		0.98

		China		32.81		1,079,678,490,888		62.34		2,212,171,742,070		13,919		93%		30386		28181		1.07		1.04

		Croatia		0.28		35,356,872,240		0.33		46,563,542,556		7,881		79%		7875		7062		1.10		1.00

		Germany		12.53		1,646,598,732,097		12.34		1,833,061,984,027		6,573		85%		7611		6732		1.12		1.05

		India		10.61		891,080,866,499		15.06		1,531,140,122,391		7,582		92%		11911		9834		1.17		1.06

		Italy		6.49		974,006,117,814		7.42		1,143,037,395,561		5,793		91%		6664		6488		1.03		1.01

		Japan		17.13		2,222,519,476,265		18.78		2,515,245,583,123		6,636		83%		7707		7465		1.03		1.02

		Korea, Rep		5.69		392,502,414,551		7.80		554,784,196,815		12,376		85%		14501		14067		1.03		1.05

		Mexico		4.95		644,301,952,946		6.32		984,423,173,691		5,987		92%		7684		6416		1.17		1.06

		Russia		25.50		973,301,963,459		26.80		1,501,123,880,300		19,950		89%		26199		17852		1.32		1.05

		South Africa		4.00		226,965,984,179		4.99		314,804,663,510		20,228		98%		17627		15855		1.10		1.01

		Spain		3.59		588,357,014,397		5.54		858,446,204,997		6,481		85%		6104		6455		0.94		0.94

		Sweden		0.92		145,359,707,995		0.85		182,098,636,356		8,857		37%		6356		4683		1.26		1.13

		Turkey		2.13		362,276,998,819		3.34		553,969,721,172		5,850		90%		5871		6032		0.97		1.02

		UK		8.27		1,078,838,581,407		8.82		1,530,500,560,815		5,451		89%		7667		5765		1.25		1.15

		US		77.26		6,718,731,007,490		85.82		9,597,954,703,847		9,146		85%		11499		8941		1.22		1.16												EEI

												col 2: All types of energy in Btu/2000 intl dollars

												col 4-5: FFEC/HWE = BTU/$

												FFEC = Fossil fuel consumption in quadrillion BTU

												HWE is in constant$ 2005 PPP. Values for year 2005.
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Methodology

		

		Indicators used:

		Energy consumption by type

		HWE in international 2005 dollars PPP

		Methodology:

		The total fossil fuel energy consumption is obtained by adding up the energy consumption data for the subcategories – oil, gas, coal.

		FFEC/HWE= (Fossil fuel energy consumption* 10^15) / (Total HWE in 2005 international dollars PPP)

																Fossil fuel energy consumption is in Quadrillion BTUs hence the conversion factor of 10^15

		%change in FF energy efficiency for 1 year interval= ((FFEI5-FFEI1)/FFEI1)/5

		%change in FF energy efficiency for 5 year interval= ((FFEI5-FFEI1)/FFEI1)

		%change in FF energy efficiency for 10 year interval= ((FFEI10-FFEI1)/FFEI1)

		EEI = 1-%change in FF energy efficiency





EEI 1985-2005

		

		Values are calculated for year 2005. HWE is in 2005 international dollars PPP

		FFEC/HWE is in BTU per (2005) dollar

		Country		FFEC/HWE for 1975		FFEC/HWE for 2005		EEI 1985		EEI 1990		EEI 1995		EEI 2000		EEI 2005		EEI30

		Spain		7,316		6,455		1.02		1.06		1.03		1.01		0.94		1.12

		Italy		10,505		6,488		1.23		1.07		1.01		1.01		1.01		1.38

		Korea		11,506		14,067		0.95		1.13		0.86		0.82		1.05		0.78

		Japan		13,799		7,465		1.33		1.14		1.01		1.03		1.02		1.46

		China		81,589		28,181		1.22		1.16		1.04		1.09		1.04		1.65

		India		8,664		9,834		1.00		0.91		0.92		0.93		1.06		0.87

		US		20,161		8,941		1.40		1.26		1.07		1.08		1.16		1.56

		UK		13,299		5,765		1.21		1.14		1.13		1.11		1.15		1.57

		Sweden		12,774		4,683		1.35		1.23		1.08		0.97		1.13		1.63





HWE-EEI historical

		

		Values are calculated for year 2005. HWC is in 2005 international dollars PPP																Trillion BTU		Quadrillion BTU

		Country		HWE for year 1975		HWE for year 1980		HWE for year 1985		HWE for year 1990		HWE for year 1995		HWE for year 2000		HWE for year 2005		FFEC for 1975		FFEC for 1980		FFEC for 1985		FFEC for 1990		FFEC for 1995		FFEC for 2000		FFEC for 2005		FFEC/HWE for 1975		FFEC/HWE for 1980		FFEC/HWE for 1985		FFEC/HWE for 1990		FFEC/HWE for 1995		FFEC/HWE for 2000		FFEC/HWE for 2005		EEI 2005		EEI 2000		EEI 1995		EEI 1990		EEI 1985		EEI30

		Spain		361,496,866,410		398,430,833,580		426,998,600,556		543,469,709,564		588,357,014,397		717,368,340,466		858,446,204,997		2,645		3		3		3		4		5		6		7,316		6,934		6,648		6,000		6,104		6,468		6,455		0.94		0.92		1.08		1.13		1.09		1.12

		Italy		574,709,151,799		714,421,148,839		784,912,942,387		950,582,319,301		974,006,117,814		1,088,643,520,995		1,143,037,395,561		6,037		6		5		6		6		7		7		10,505		7,789		6,892		6,583		6,664		6,348		6,488		1.03		1.04		1.03		1.15		1.34		1.38

		Korea		92,266,920,105		123,548,087,063		176,254,315,099		274,303,647,134		392,502,414,551		455,280,955,899		554,784,196,815		1,062		2		2		3		6		7		8		11,506		13,840		11,975		11,982		14,501		14,956		14,067		1.03		0.75		0.79		1.13		0.96		0.78

		Japan		1,100,721,429,552		1,338,676,776,279		1,559,147,571,472		1,961,679,630,882		2,222,519,476,265		2,348,345,976,198		2,515,245,583,123		15189		13		13		16		17		18		19		13,799		10,031		8,402		7,993		7,707		7,758		7,465		1.03		1.03		1.08		1.20		1.39		1.46

		China		171,728,672,196		229,101,316,235		528,652,037,448		654,259,614,128		1,079,678,490,888		1,606,387,639,558		2,212,171,742,070		14,011		17		21		26		33		35		62		81,589		72,840		39,812		39,267		30,386		21,646		28,181		1.07		1.45		1.24		1.46		1.51		1.65

		India		368,784,681,617		464,439,221,625		581,572,597,613		722,031,595,929		891,080,866,499		1,173,015,279,480		1,531,140,122,391		3,195		4		5		7		11		13		15		8,664		7,586		9,168		9,795		11,911		10,661		9,834		1.17		0.91		0.70		0.71		0.94		0.87

		US		3,622,248,240,350		4,191,920,282,657		4,999,990,845,467		5,947,521,196,046		6,718,731,007,490		8,311,563,194,007		9,597,954,703,847		73,028		70		66		72		77		85		86		20,161		16,657		13,218		12,162		11,499		10,195		8,941		1.22		1.16		1.13		1.27		1.34		1.56

		UK		672,935,746,836		735,496,049,642		812,538,913,611		1,006,845,874,654		1,078,838,581,407		1,318,767,248,965		1,530,500,560,815		8,949		8		8		8		8		9		9		13,299		11,398		9,911		8,370		7,667		6,496		5,765		1.25		1.22		1.23		1.27		1.25		1.57

		Sweden		111,352,688,837		120,932,647,777		125,479,269,420		142,982,623,406		145,359,707,995		164,556,100,202		182,098,636,356		1,422		1		1		1		1		1		1		12,774		9,931		6,888		5,464		6,356		5,247		4,683		1.26		1.04		1.08		1.45		1.46		1.63
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