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Introduction
This report is prepared based on a research cooperation agreement between UNESCAP and Department of Sustainable Development, CIEM and under a pilot project on application of a set of eco-efficiency indicators (EEI) for some selected Asia- Pacific countries.  
The main objective of this research cooperation is to apply a system of national EEI on the experimental basis. This exercise is carried out based on the existing economic and eco-environmental data of the selected countries in the Asia-Pacific region, including Vietnam. The study focuses on:

 (1) Analysing eco-efficiency trend of Vietnam during the period 1990-2007;

 (2) Elaborating factors led to the trends of eco-efficiency in Vietnam; and 

(3) From the analyses and findings of (1) and (2) above, providing related policy   implications and recommendations for the future improvement of eco-efficiency in Vietnam.   

The system of EEI used in this report was taken from the TA of UNESCAP experts who presented and provided guidelines at the workshop on “System of EEI in Asia and pacific” held in Bangkok  on 7-18/4/2008. For calculation of EEI for Vietnam, the following groups of data were expected to be collected:   

1) Data on the use of basic natural resources, comprising of data on water use, energy consumption, land use and the consumption of some other materials  which likely effect Vietnam environment.   

2) Data on environmental impact (pollution), including data on air pollution (i.e. pollution of NOx, CO2, SOx, GHG), water pollution (i.e. pollution of BOD, COD) and data on waste. 

3) Data on economic performance, including data on GDP, GDP per capita, population etc.  
These three data groups will not only be colleted at national level, but also at disaggregated by economic sectors and residential sector. They are: i) Agriculture-Forestry - Fishery; ii) Industry and Construction; iii) Service (incl. production service and public service); and  iv) Residential.       

On the basis of collected data, a list of EEI is developed for Vietnam case and for the time period from 1990 to 2007. Particularly:

- The EEI indicators on the intensity of resource use: including the indicators on energy use intensity, on water use intensity, and on land use intensity. Besides, some indicators on the use intensity of some highly polluting materials such as crude oil, coal, electricity, cement, steel, and fertilizers are also considered.   
- The EEI indicators on the environmental impacts, including the indicators on emission of air-polluting compounds such as NOx, SOx, CO2, and on emission of GHG. 
Based on input data collected at the national level and at the economic sectors, the two above groups of indicators are also established for a nationwide (at the national level) as well as for the economic sectors and the residential sector, including: i) the agriculture-forestry-fishery sector; ii) the industry and construction sector; iii) the service sector (both production service and public service); and iv) the residential sector.  

Moreover, in order to analyse deeply the trend of eco-efficiency, the study group also compares resource use growth index and pollution growth index with GDP growth index (year 1994=1).
The Appendix in this report explains the system of EEI used in the case of Vietnam (megadata of EEI for Vietnam). In this appendix, the study group tries to explain the detailed meaning of each indicator, source of data, and methodology of estimating input data used in the case of Vietnam.

This report presents the result of collecting data and analyzes the trend of EEI. This report was revised after getting valuable comments from experts of relevant management agencies, institutes and universities at a table discussion organized in Hanoi.
Apart from the Introduction, the report consists of 3 parts as follows: 
Part 1: 
Technical report on input data and eco-efficiency indicators for Vietnam

Part 2: Trend analyses of Vietnam’s eco-efficiency in the years 1990-2007. This part presents the eco -efficiency trend of Vietnam in the last 17 years and draws some comments, and explanations of the trend. 


Part 3: Policy implications and some recommendations for using eco-efficiency indicators in the future
Part 1:

Technical report on input data and eco-efficiency indicators for Vietnam

1.1. Sources of input data for calculating eco-efficiency indicators
Under the agreement with the UNESCAP, the Study group collected input data to calculate eco-efficiency indicators for Vietnam, with priorities given to those officially published by Vietnamese agencies. A full range of statistics on Vietnam’s economic activities were collected and published at both national and sectoral levels. However, those on resource use and environmental pollution remain rare, without being compiled frequently over time. The Study group has also referred to various recently published studies for data on resource use and impacts of pollution; nonetheless, Vietnam’s data are not available in full, nor do they incorporate sufficient accuracy. Notably, for the same indicator in the same year, different figures can be found from different sources. Thus, together with the collection of available data from domestic sources, the Study group also attempted to collect data officially announced by international organizations. By comparing data from domestic and international sources, the Study group along with the UNESCAP experts decide on which data source is more reliable for their use.

- Available data on economic activities: 

The majority of necessary information on economic activities for EEI calculations (such as population, GDP (at both current and constant prices), GDP growth, GDP structure by economic activity, etc.) are officially published by the General Statistics Office, and are available as time series from 1990-2007, on an annual basis. To facilitate comparison with international ones, the data on GDP can be converted from VND into USD, using the series of exchange rate from the ADB website (www.adb.org/statistics).  


- Available data on resource use: 

According to the UNESCAP experts, the computation of EEI indicators for Vietnam requires reliable data on the use and consumption of key resources such as energy, land, water and some raw materials with high environmental risks in the period from 1990-2007. Currently, available data on land use and energy consumption can be collected from domestic sources, such as the General Statistics Office and professional agencies on energy. For instance, the data on land use (by purpose of land use and by sector, to meet the objectives of this Study) were updated and published frequently by the General Statistics Office for the years: 1993-1994, 2000-2003, 2005-2007. Data on energy consumption, meanwhile, are published by some domestic agencies such as the Ministry of Industry and Trade, Energy Institute (under the Ministry of Industry and Trade) in their studies, but only serve as references only. Notably, the data by domestic agencies found themselves dramatically different from those by international organizations. Subsequent to the discussions with UNESCAP experts, the Study group decided to use IEA data on energy consumption for the period of 1990-2007. Data on water use of Vietnam are hardly available from responsible agencies of the country. Current studies on water use in Vietnam tend to use data of international organizations, including the FAO. However, even international data are only available for 1990 and 2000, rather than as time series for the whole period from 1990-2007. Consequently, the Study group has to estimate the level of water use for other years in 1990-2007, using arithmetic mean of annual growth rate.
- Available data on pollution: 
Information on pollution in Vietnam are yet to be updated and published on a frequent basis. Data tend to be published in separated studies of various state agencies and research organizations. These data tend to incorporate significant errors and lack consistency across different sources. The General Statistics Office, to date, has no annual data on pollution in Vietnam. Regarding data on greenhouse gas (GHG), Vietnam (via the Ministry of Natural Resources and Environment) implemented some (inventory) assessments of GHG pollution for 1993, 1994, 1998 and 2002, with supports from international organizations. Meanwhile, the International Energy Agency (IEA) often publishes pollution data of countries, including Vietnam, on an annual basis. As agreed with the UNESCAP experts, the Study group decided to use IEA-published data on NOx, SOx and CO2 pollution for Vietnam in 1990-2007 (which are disaggregated by sector and for the households), while using data on GHG pollution from domestic sources.

The input data and information for use in this study are summarized in Table 1:

Table1:  Sources of input data for calculating eco-efficiency indicators

	Input indexes
	Unit
	Time of Data collection
	Sources

	Economic data

	1. GDP (at 1994  constant prices)
	Bill VND
	1990-2007
	Vietnam GSO

	2. GDP 
	Bill US$
	1990-2007
	www.adb.org/statistics

	3. Population
	Mill. people
	1990-2007
	Vietnam GSO

	Data on resource use

	4. Water use
	Bill water m3 
	1990, 2000
	http://www.fao.org/nr/water/aquastat/water_use/index.stm

	5. Energy use
	Thousand m3 (oil equivalent)
	1990 -2006
	IEA, from “Energy Balances of Non-OECD Member Countries - Energy Balances (ktoe)” Vol. 2008 release 01. Downloaded online from Source OECD

	6. Land use
	thousand hectare
	1993-1994, 2000-2003, 2005- 2007
	Vietnam GSO

	7. Main material and fuel use
	
	
	

	        - Oil
	Thousand m3 
	1990-2006
	IEA, from “Energy Balances of Non-OECD Member Countries - Energy Balances (ktoe)” Vol. 2008 release 01. Downloaded online from Source OECD

	        - Coal
	Thousand m3 (oil equivalent)
	1990-2006
	IEA, from “Energy Balances of Non-OECD Member Countries - Energy Balances (ktoe)” Vol. 2008 release 01. Downloaded online from Source OECD

	        - Electricity
	Thousand GWH
	1990-1995, 
	http://www.adb.org/statistics

	        - Steel
	Thousand tons
	1995-2007
	Vietnam GSO, The figure comprises of <(total production) + (imported - exported) volume>

	       - Fertilizer 
	Thousand tons
	1995-2007
	Vietnam GSO. The figure comprises of <(total production) + (imported - exported) volume>

	        - Cement
	Thousand tons
	1995-2007
	Vietnam GSO.  The figure comprises of <(total production) + (imported - exported) volume>

	Data on environmental pollution

	8. Nox pollution
	Thousand tons
	1990, 1995 & 2000 
	EDGAR data -  Downloaded online from http://www.mnp.nl/edgar/model/v32ft2000edgar/edgarv32ft_acid/edgv32ft-nox.jsp

	9. Sox pollution
	Thousand tons
	1990, 1995 & 2000 
	EDGAR data - Downloaded online from http://www.mnp.nl/edgar/model/v32ft2000edgar/edgarv32ft_acid/edgv32ft-nox.jsp

	10. CO2 pollution
	Thousand tons
	1990-2006


	IEA. CO2 Emissions from Fuel Combustion (detailed estimates). Volume 2008. release 01

	11.  GHG pollution (*)
	Thousand tons
	1993, 1994, 1998 & 2002
	"Vietnam National Environmental performance Assessment (EPA) Report" MONRE, Vietnam


Note: (*)GHG pollution (CO2 equivalent) in this Study include the aggregate level of converted CO2, NH4, N2O which are discharged from various sources, such as: energy consumption, manufacturing industries, agricultural activities, change in purposes of land use, and gases emitted from solid wastes. 

To collect time series data for the period from 1990-2007, the Study group uses published data to produce estimates for other missing data years. The estimation method is described in the Appendix of this Study.
1.2. The eco-efficiency indicators (EEI indicators) computed for Vietnam
Within the framework of this Study (UNESCAP, 2005), to determine the level of eco-efficiency, a system of eco-efficiency indicators (EEI indicators) are used to analyze the relationship between economic activity, and resource use and the impacts of environmental pollution. On that basis, more accurate assessments of economic policies can be obtained, thereby leading to policy recommendations towards green growth. The EEI indicator is determined by the ratio of resource use or other environmental impacts over the level of economic activity. Depending on the numerator, the level of economic activity (in the denominator) can be used in value or in other quantity measures. The general formulas for computing EEI indicators in this Study are as follows:
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Using input data described in sub-Section 1.1., the Study group compute the following EEI indicators for Vietnam, at the national level and by sector, and for the residents:
- The EEI indicators on the intensity of resource use: including the indicators on energy use intensity, on water use intensity, and on land use intensity. Besides, some indicators on the use intensity of some highly polluting materials such as crude oil, coal, electricity, cement, steel, and fertilizers are also considered.   
- The EEI indicators on the environmental impacts, including the indicators on emission of air-polluting compounds such as NOx, SOx and CO2 (the weights of NOx in kg, SOx in kg, and CO2 in ton over GDP in million VND, at 1994 prices), on emission of GHG (measured in tons of CO2 per million VND of GDP at 1994 prices). 
Table 2 lists the EEI indicators computed for Vietnam at the national level in the years 1990-2007. Accordingly, the EEI indicators at the national level are determined by the ratios of resource use or environmental impacts on the whole economy over GDP (at constant prices) in the same year.
Table 2: EEI Indicators computed for Vietnam (at national level) 

	EEI Indicators
	Unit

	 EEI Indicators of resource use intensity 

	1.  Water use intensity
	Water m3 per million VND ( at constant  1994 prices)

	2. Energy use intensity 
	Oil Kg equivalent per million VND ( at constant  1994 prices)

	3. Land use intensity
	m2 per million VND ( at constant  1994 prices)

	4. Intensity of raw material and fuel use
	

	        - Petroleum products
	Ton per million VND ( at constant  1994 prices)

	        - Coal
	Ton as Oil ton equivalent per million VND ( at constant  1994 prices)

	        - Electricity
	GWH per millionVND ( at constant  1994 prices)

	        - Steel
	Ton per million  VND ( at constant  1994 prices)

	        - Cement
	Ton per million  VND ( at constant  1994 prices)

	        - Fertilizer 
	Ton per million  VND ( at constant  1994 prices))

	EEI Indicators of environmental pollution intensity 

	5.  Nox pollution intensity
	kg NOx  per million VND ( at constant  1994 prices)

	6. SOx pollution
	kg SOx per million VND ( at constant  1994 prices)

	7. CO2 pollution
	kg CO2 per million VND ( at constant  1994 prices)

	8. GHG (*) pollution
	CO2 ton equivalent per million VND ( GDP constant price 1994)



Besides, the EEI indicators are also computed for different sectors and for the residents, corresponding to collected input data. For each sector, the EEI indicators are computed in same way as those at the national level, i.e. as the ratios of resource use of or pollution created by each economic sector over its total value added. For the residents, meanwhile, the EEI indicators are determined by the ratios of resource use or population of the group over total annual population in Vietnam.     


Part 2 of the Study presents the trend analyses of EEI indicators on resource use and environmental impacts in Vietnam. 
Part 2:

Trend analyses of Vietnam’s eco-efficiency in the year of 

1990-2007

2.1. Eco-efficiency at the national level:


Vietnam started its economic renovation (Doi Moi) process in 1986. Since then, the country has made significant achievements in economic growth. Average annual GDP growth in 1990-2007 was 7.5%. The country succeeded in improving the life of its people, as reflected by the increase in GDP (at constant prices) per capita by 2.7 times in the same period. The poverty rate went down from 57% in 1993 to 15.5% in 2007. 

Along with the above impressive economic growth, the use of some basic natural resources such as land, water, and energy to produce one unit of economic output in Vietnam tended to decrease. In other words, the country tended to use fewer resources to generate VND one million of GDP. In the years 1990-2007, uses of land and water went down most rapidly, both by 56%, from 1,311 m2 to 580 m2 and from 411 m3 to 180 m3, respectively, to generate VND one million of GDP at 1994 prices (see Figure 1). The use of energy also decreased in the same period, albeit more slowly, from 170 kilos of oil and equivalent to 100 kilos, i.e. dropping by 41%.     


Figure 1: Intensities of resource uses in the period of 1990-2007
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Figure 2 compares GDP growth and uses of three key resources in the period 1990-2007. This Figure presents similar remarks as those in Figure 1. Specifically, the lines reflecting increases in resource use compared to base year of 1990 are all below that representing GDP growth from 1990 to 2007. Notably, the gap between the line depicting GDP growth and other lines of increases in natural resource use tends to get wider over time. As an implication, Vietnam’s GDP grew faster than its use of key resources. 
Figure 2: Comparison of GDP and resource use indexes
(Year 1990 =1)
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Figure 3: Trend of intensities of raw material uses in the period of 1990-2007

(Unit:  unit of material use per million VND – GDP at  1994 constant prices )
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Unlike the declines in usages of some basic resources, some key raw materials have been used more intensively in the same period. As depicted in Figure 3, except for fertilizer which expressed a decreasing trend in its use intensity, all other main raw materials inputs such as oil and petroleum products, steel, electricity, cement have found themselves with greater intensities over the past 17 years. Of which, the uses of electricity and cement to generate  one million VND of GDP (at 1994 prices) rose most rapidly, by 2.8 times (from 50 KWhs to 140 KWhs) and 4 times (from 20 kilos to 80 kilos), respectively, in the years 1990-2007. This can be explained by the rapid industrialization and urbanization processes in Vietnam over the past couple of decades. Along with such processes, demand for electricity to support industrial production and household consumption increased sharply. Urbanization process in Vietnam also led to larger derived demand for cement, particularly for constructing infrastructures, development of industrial zones and urban areas. Figure 4 compares GDP and consumption of key raw materials and energy inputs of each year with those in 1990 (base year). In the period from 1990-2007, except for the line graph of fertilizer consumption, all line graphs depicting consumption of other raw materials and energy inputs are above that of GDP growth. In other words, the pace of growth in usages of highly polluting raw materials and energy inputs exceeds that of GDP growth.       
Figure 4: Comparison of GDP growth and key material consumption indexes 
(Year 1990 =1)
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In analyzing the eco-efficiency in terms of environmental impacts, the collected data show that NOx and CO2 (from using fossil fuels) emission intensity to obtain VND one million of GDP at 1994 prices of Vietnam tended to increase in recent years, while those of SOx and GHG emission intensity decreased gradually (Figure 5). In particular, emission of NOx tended to decline in the period 1990-1996, but slowly raised in the following period though still below the record of the 1990 base year. The main reason for this tendency is the ineffective use of fertilizer in agricultural sector as well as the growing intensity of fossil fuels utilization (i.e. coal, oil) by industries as already discussed earlier. 
Figure 5: Pollution intensity in the period of 1990 – 2007
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Figure 6 shows that, in 1990-2007, growing trends of polluting compounds such as NOx, SOx and GHG were all slower than GDP growth index. However, the lines expressing growth indexes of SOx and GHG tend to move away from the line of GDP growth index, while that of NOx becomes closer to GDP growth index line, indicating the growing trend of NOx emission intensity in recent years. Figure 6 also demonstrates    that CO2 emission went up much faster than GDP growth in the same period. This finding is also consistent with the upward trend in CO2 intensity as analyzed above. The key reasons include: i) greater use of CO2-emitting fuels such as electricity, oil, coal as discussed above; ii) rapid deforestation which reduced the capacity of forest to clean the air; iii) outdated technology in use in various industries, particularly polluting ones, which increased the intensity of energy consumption; iv) ineffective administration of polluting industries and limited measures to deal with them.      

Figure 6: Comparison  of GDP and pollution indexes
(Year 1990 =1)
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2.2. Eco-efficiency of economic sectors and the residential sector
2.2.1. Intensity of resource use by economic sector
Regarding water resource, Figure 7 shows that in order to create VND one million of GDP, the agriculture-forestry-fishery sector uses more water than the industry-construction sector, and much more than the usage intensity for the economy as a whole. However, water use intensity of the agriculture-forestry-fishery sector went down rapidly, by 46% from 1,119 m3 in 1990 to only 603 m3 in 2007 for each VND one million of GDP at 1994 prices. Meanwhile, water use intensity of the industry-construction sector increased by 30% in the same period, from 160 m3 to 203 m3. The decline in water use intensity of the agriculture-forestry-fishery sector can be explained by the productivity growth in agriculture rather than by the change of the farmer’s behavior toward more economic use of water resource. The increase in water use intensity of the industry-construction sector, meanwhile, stems from the fact that Vietnam in its industrialization process paid more attention to developing water-intensive industries such as textiles, aquacultural and fishery processing, food processing, mining and quarrying and mineral processing, etc. These industries exhibited high and continuous paces of growth, and are altogether accounting for 52.4% of industrial output in Vietnam
. 
Figure 7: Intensity of water use by economic sector
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Unlike the findings on water use, the industry-construction sector consumed most energy (Figure 8). The intensity of energy consumption in this sector fluctuated in the years 1990-2007, reaching a smaller average than that of the national economy in 1990-2000, and exceeding the national average since then. Meanwhile, the intensities of energy consumption in both agriculture-forestry-fishery and services sectors are dramatically smaller, albeit trending upward in 1990-2007.   
Figure 8: Intensity of energy use by economic sector
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The intensities of land use in different economic sectors moved in the same direction in the period 1990-2007. However, the agriculture-forestry-fishery sector still used land most intensively, and much more intensively than other economic sectors and the economy as a whole since 2000. Notably, the intensity of land use in services dropped sharply in 1990-2007, from 152 m2 to 53 m2 to create VND1 million of value added in services. This drop might have resulted from impressive growth of the services sector in recent years relative to the increase in land areas used by the sector (see Figure 12).  
Figure 9: Intensity of land use by economic sector

[image: image11.emf]-100

400

900

1400

1900

2400

2900

3400

3900

4400

0

20

40

60

80

100

120

140

160

National wide, as m2

per million VND

constant GDP 

Agriculture, forestry and

fishery sector as m2 per

million VND GDP of the

sector

Industrial &

construction sector as

m2 per million VND

GDP of the sector

Public, services sector,

as m2 per million VND

GDP of the sector



The efficiency of resource use in each economic sector may be analyzed by comparing the growth in resource use with that in value added for each sector. The comparisons can be made from Figures 10, 11 and 12, which leads to the following findings:

· As shown in figure 10, the use of water and land by agriculture, forestry and fishery sector increased more slowly, while the use of energy rose more rapidly, than the value added to this sector. This suggests further improvement in the efficiency of energy consumption in the sector;
· In the industry-construction sector, figure 11 shows that the uses of energy and water changed almost in line with the value added, while land use increased more slowly. However, energy use intensity tended to increase in the period 2004-2007. This can be proved by the fact that line expressing growth index of energy use by the sector is located above the line of value added growth index which is contract with its trend in the previous period. 
· In the services sector, the movements of resource use in comparison with value added in the period 1990-2007 were roughly the same with those in agriculture-forestry-fishery. That is, energy consumption grew more rapidly, while land use increased more slowly, than value added in the sector (see figure 12).  

Figure 10: Comparison of GDP growth and resource use growth indexes in the sector of agriculture, forestry and fishing

(Year 1990 =1)
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Figure 11: Comparison of GDP growth and resource use growth indexes in the sector of industry and construction
(Year1990 =1)
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Figure 12: Comparison of GDP growth and resource use growth indexes in the service sector 
(Year1990 =1)
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2.2.2. Pollution intensity by economic sector

The intensity of NOx pollution (figure 13) of the agriculture-forestry-fishery sector was always the highest, trending downward in 1990-1995 but subsequently increasing rapidly. In 2007, intensity of NOx pollution of this sector reached a peak of 3.4 kilos per VND one million of value added at 1994 prices, and almost doubled from that in 1990. This is because farmers used more fertilizers, even more than necessary, without measures to deal with pollution. Although the intensities of NOx pollution in industry-construction and services remain rather small, they tend to increase in 1996-2007. The upward trends in intensities of NOx pollution for all three economic sectors also lead to the increase in intensity of NOx pollution for the national economy over the past decade.  

Figure 13: NOx pollution intensity by economic sector
 (kgNOx per million VND at constant 1994 prices)
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Figure 14 presents the variations in intensity of SOx pollution of economic sectors in 1990-2007. The industry-construction sector can be seen to have the highest intensity of SOx pollution. While those of the agriculture-forestry-fishery and services sectors exhibited no significant movements or only some minor increases, the intensity of SOx pollution in industry-construction surprisingly decreased considerably, by more than one half from 3.7 kilos in 1990 to 1.5 kilos in 2007 (to generate VND one million of value added in this sector). This could be explained by the shift in economic structure over the past years, to have greater share of manufacturing industries (84.5% of industrial output in 2007). In particular, the rapid development of thermo-electricity plants - the major sources of SOx emission - was restricted, and gave way to the development of hydropower plants. The fall in intensity of SOx pollution in this sector, as a result, reduces the corresponding figure at the national level for the period under consideration (the green line). 

Figure 14: SOx pollution intensity by economic sector
 (kgSOx per million VND at constant 1994 prices)
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The intensity of CO2 pollution from consuming fossil fuels was the highest in the industry-construction sector, and exhibited rather erratic movements in 1990-2007. The intensities of CO2 pollution in the agriculture-forestry-fishery and services sectors, albeit being small, tended to increase gradually, resulting in the increase in intensity of CO2 pollution for the economy as a whole (Figure 15). The key reasons to this are: i) increase in demand for fossil fuels, particularly from the industry-construction sector to support economic growth and industrialization; ii) outdated industrial technology which increase the use of highly CO2-polluting energy inputs.    
Figure 15: CO2 pollution Intensity from consuming fossil fuels 

 ( kgCO2  per million VND at constant 1994 prices)
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2.2.3. Trends in EEI indicators of the residential sector 


Figure 16 describes the changes in resource use intensity of the residential sector. As can be seen, the use intensities of all key resources of the residential sector increase continuously since 2000. In particular, the water-use intensity kept rising for 17 years, and has increased by 4.4 times - from 30 m3/person in 1990 to 133 m3/person in 2007. Meanwhile, the use intensities of other resources such as land and energy also increased, albeit by insignificant amount. 
Figure 16:  Resource use intensity of the residential sector
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Figure 17 compares the increase in resource use of the residential sector with population growth, and presents the same findings as Figure 16. That is, the water use intensity of the residential sector is getting higher. Similarly, the increase in energy consumption also increased over time, at a faster pace than population growth. This can be explained by the fact that thanks to economic development and improvement in income in many years, the people, particularly those in urban areas, changed their consumption behaviors: they used more energy-consuming household appliances, while their water use also rose considerably to meet their daily needs.
Figure 17: Comparison of resource use growth index of the residential sector with the population growth index
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The pollution intensity of the residential sector is depicted in Figure 18. Accordingly, except for SOx, pollution intensities of both NOx and CO2 from the residential sector both trended upward. This can be explained by: i) the processes of urbanization and industrialization, changing the ways of living and consumption, particularly of polluting products such as electricity and coal, of the people in both rural and urban areas; ii) the absence of the people’s good habit and awareness of environmental impacts from their own activities; thus, they saw no need to reduce consumption of potentially polluting products; iii) the lack of policy instruments to direct the people to environmentally friendly products in their life. In particular, the sharp increases in emissions of CO2 , NOx by the residential sector, as illustrated in Figure 19, need to be studied at greater depth to understand the underlying causes. This can help identify suitable measures to restrict such increases in the future. 
Figure 18: Pollution intensity of the residential sector
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Figure 19: Comparison of pollution growth index of the residential sector with population growth index
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Part 3:

Policy implications and some recommendations for using eco-efficiency indicators in the future

3.1. Some key conclusions
Vietnam has maintained rather stable eco-efficiency in the period under consideration - 1990-2007; in particular, the use intensities of key resources to produce one unit of economic output tended to decrease. This can be partly explained by the heavy reliance of GDP growth investment and human capital in the period 1990-2007. However, the use intensities of some raw materials and fuels such as cement and electricity tended to increase rapidly in the same period. Such a tendency may result from the processes of industrialization, modernization and urbanization which incorporate rapid growth of the industry-construction sector, thereby leading to higher demand for and consumption of cement and electricity in Vietnam. Yet the power use intensity in Vietnam is currently higher than some countries in the region such as Thailand, Singapore, Philippines. This necessitates measures in the future to improve the efficiency of power use via reducing power use intensity. While decreasing production costs and increasing production efficiency, those measures will also help reduce the emission of CO2. 

At the national level, the intensity of CO2 pollution increased continuously in the period 1990-2007, while the intensity of NOx pollution has only trended upward since 1997. Apparently, the risk of higher pollution, particularly via the emission of greenhouse gas, necessitates further in-depth studies to identify relevant solutions in the future. Besides, if this tendency continues, Vietnam will gradually lose its advantage in trading its quota for CO2 emission.  

At the sectoral level, the water-use intensity of the industry-construction sector went up rapidly, together with impressive growth of water-intensive manufacturing industries such as textiles, food processing, metal, etc. These industries may have significant impacts on water pollution, as mentioned in various studies. In addition, the issue with the industry-construction sector also lies in the increasing intensities of NOx, CO2 pollution in the considered period. This presents a challenge to responsible public administration agencies and they must adopt policy measures to induce firms in those industries to reduce emission of those polluting compounds in the future. From policy perspective, Vietnam needs to consider two groups of solutions. On the one hand, it should pursue a strategy aiming at sustainable development together with shifting from rapid development of resource-intensive and highly-polluting industries to ones which are less environmentally damaging. On the other hand, of more importance is the rapid implementation of (administrative, economic, social pressure) policies to enact environmental protection, technological progress, and improvement of resource use efficiency in industrial production, whilst reducing pollution by investment in the environment and effective management of environment protection.  
For agriculture, the issue of intensive NOx pollution, partly due to the overuse of insecticides, requires measures to induce farmers to use less insecticide. The services sector is relatively “cleaner” than industry and agriculture thanks to the intensities of resource use and pollution being stable over time. However, the risks of increasing pollution or resource use may be magnified if the focus is shifted to developing land- or water-intensive, or highly-polluting services (the recent rapid development of golf course projects is a good example). 

Finally, the residential sector is using more and more resources, and caused greater pollution to the environment. This can be explained by the processes of economic development and urbanization which dramatically change their ways of living and consumption, in both rural and urban areas. Nonetheless, if this sector is encouraged to use resources in a rational and economic way, or use more environmentally friendly products, Vietnam’s EEI indicators will be significantly improved. 
3.2. Several recommendations for applying EEI indicators in Vietnam

Using the system of EEI indicators at the national and sectoral levels can be useful to monitoring the efficiency of resource use and the intensity of pollution ở Vietnam. With a careful, scientific collection of data and computation on a frequent basis, the Government can have a good ground for assessing the current model of economic development to see whether it is environmentally sustainable. In particular, some EEI indicators can be incorporated into the system of indicators for monitoring the implementation of Vietnam’s socio-economic development strategies and plans. To do so, however, Vietnam has to consider the following issues:


- The system of input data for calculating EEI indicators should be updated more frequently and published more widely. This is a major challenge for Vietnam as environmental data for calculating EEI indicators (such as resource use or pollution level) fail to be updated annually, without disaggregation by sector and public availability. Thus, the General Statistics Office needs to cooperate with responsible ministries and agencies to collect necessary data and publish them on an annual basis.

- To maintain frequently updated information system on the environment requires big investment. However, part of the investment has been made via initial attempts of ministries and line authorities to update related information. The critical things are to have effective cooperation between agencies and data sources, and to have one agency responsible for systematic compilation of official and practical data. This agency can be the General Statistics Office directly under the MPI. 
-  Vietnam should also collaborate more closely with concerned international organizations to improve the capacity of staffs in relevant ministries and authorities in analysing, consolidating and updating EEI-related information, comparing them with other countries in the region and in the world to draw out conclusions of great value to policymaking process in Vietnam.


- As another consideration, some EEI indicators should be incorporated into the system of indicators to monitor the implementation of Vietnam’s socio-economic development plans and strategy for the periods 2010- 2015 and 2020. At this initial stage, only some basic indicators, which are the most “problematic” in Vietnam, should be incorporated as an experiment and after those other indicators may gradually be included. 
Appendix 
THE METADATA FOR EEI - VIETNAM

INDICATOR NAME:  Water use intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: 
Water Use Intensity (national wide)  
(b) Brief definition: ratio of water use volume relative to gross domestic product (GDP) by nation.    
(c) Unit:  m3 per million VND GDP (constant 1994 price)   
(d) Original Sources and source publication (if applicable): 

Water use intensity computed from water use and GDP, whereby:

For water use, we used data published by FAO (2007) at the website below: http://www.fao.org/nr/water/aquastat/water_use/index.stm ;

For GDP, we used data from GSO Vietnam (Annual Statistical year books)

(e) Years covered and frequency of update:  1990-2007  

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Water Use Intensity for Vietnam is computed as the ratio of the total volume of water used for all activities (economic and residence) of the nation and total GDP (or value added of all economic activities) in the year. Where as:

+ Water use comprises the use of water by the main sectors like agriculture, forestry, fishery; industry; service and residence. It is measured in billion m3 of water consumed during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/ regcst.asp?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/ registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of water use intensity indicates the general relationship of this natural resource to economic development and provide a rough basis for projecting water consumption. Trend of water use intensity by sector can provide a relative change of water use trend of different economic sector such like agriculture, industry, service relative to value added in the sector or water use per capita. 

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on water use from domestic sources does not available. The data published by FAO has been used as the alternative, but FAO has provided data only for the year 1990 and 2000. For other years between 1990 and 2007, water use tends to increase over time, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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Data on GDP taken from national official source (GSO) on annual basis.  

INDICATOR NAME:  Energy consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Energy Consumption Intensity  
(b) Brief definition:  Ratio of total energy consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  kg oil equivalent per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Energy consumption intensity computed as the ratio of total energy use to GDP, whereby:

Total energy consumption data taken from IEA energy balances data:
http://geodata.grid.unep.ch/mod_table/table.php; http://www.iea.org/Textbase/stats/coaldata.asp?COUNTRY_CODE=VN; http://www.iea.org/Textbase/stats/balancetable.asp?COUNTRY_CODE=31
For GDP, we used data from GSO Vietnam (Annual Statistical year books) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Energy Consumption Intensity for Vietnam is computed as the ratio of the total energy consumption of the economy and total GDP (or value added of all economic activities) in the year. Where as:

+ Energy consumption measured in thousand metric tons of oil equivalent consumed during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst. asp?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/ registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of energy use intensity indicates the general relationship of energy consumption by the nation to economic development and provide a rough basis for projecting energy consumption and its environmental impacts with economic growth. Trend of energy use intensity by sector can provide a relative change of energy consumption trend of different economic sector such like agriculture, industry, service relative to value added in the sector or energy consumption per capita.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on energy consumption from domestic sources is available, but it has not published yet, so the data published by IEA has been used as the alternative.

- Total energy consumption for economy wide taken from IEA from 1990 to 2005:

+ from 1990 to 2004 posted in UNEP’s website: http://geodata.grid.unep.ch/ mod_table/table.php; 

+ in 2005 posted in IEA website: http://www.iea.org/Textbase/stats/coaldata.asp? COUNTRY_CODE=VN 
· Total energy consumption  by sector is taken from IEA in 1990, 2001, 2005 and 2006:

+ 1990, 2001, 2005 posted by: http://www.iea.org/Textbase/stats/coaldata.asp? COUNTRY_ CODE=VN; 

+ 2006 posted by: http://www.iea.org/Textbase/stats/balancetable.asp?COUNTRY_ CODE=31

For other years between 1990 and 2007, energy consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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INDICATOR NAME:  Land use intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Land Use Intensity  
(b) Brief definition:  Ratio of total land use by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ha per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Land use intensity computed as the ratio of total land use to GDP, whereby:

Total land use data taken from GSO in 1993-1994, 2000-2003, 2005- 2007
For GDP, we used data from GSO Vietnam (Annual Statistical yearbooks) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Land Use Intensity for Vietnam is computed as the ratio of the total land use of the economy and total GDP (or value added of all economic activities) in the year. Where as:

+ Land consumption is measured in thousand ha use during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/ regcst.asp?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/ cr/registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of land use intensity indicates the general relationship of land use by the nation to economic development and provide a rough basis for projecting land use and its environmental impacts with economic growth. Trend of land use intensity by sector can provide a relative change of land use trend of different economic sector such like agriculture, industry, service relative to value added in the sector or land consumption per capita.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on land use from domestic sources has been used as the alternative.

- Total land use data is taken from GSO in 1993-1994, 2000-2003, 2005- 2007, for other years between 1990 and 2007, land use changed in the period, so we estimated these data by using the Linear Interpolate Method, as the average development speed method: 
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- Total land use data by sector calculated as below:

+ Agriculture, forestry and fishery sector = land use of agriculture, forestry and fishery land;

+ Industrial & construction sector = land use of construction, mining, manufacturing and other production activities;
+ Public, services sector = land for special use - land for industrial and construction purposes;
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INDICATOR NAME:  Petroleum consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Petroleum consumption Intensity  
(b) Brief definition:  Ratio of total oil consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton oil per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Petroleum consumption intensity computed as the ratio of total petroleum consumption to GDP, whereby:

Total petroleum consumption data taken from ADB and IEA data:
www.adb.org/statistics and http://www.iea.org/Textbase/stats/coaldata.asp?COUNTRY_ CODE=VN; 

For GDP, we used data from GSO Vietnam (Annual Statistical year books)

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Petroleum consumption Intensity for Vietnam computed as the ratio of the total petroleum consumption of the economy and total GDP. Where as:

+ Petroleum consumption measured in thousand metric tons of oil equivalent consumed during the year.

+ Total GDP measured in billion VND 
(h) Purpose/significance and policy relevance:  
Trend of petroleum consumption intensity indicates the general relationship of oil consumption by the nation to economic development and provide a rough basis for projecting petroleum consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on petroleum consumption from domestic sources is available, but it has not published yet, so the data published by ADB and IEA has been used as the alternative.

- Total petroleum consumption for economic wide taken from ADB from 1990 to 1995, and IEA in 2005:

www.adb.org/statistics and http://www.iea.org/Textbase/stats/coaldata.asp?COUNTRY_ CODE=VN; 
For other years between 1990 and 2007, petroleum consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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Data on GDP taken from national official source (GSO) on annual basis.  

INDICATOR NAME:  Coal Consumption Intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Coal consumption Intensity  
(b) Brief definition:  Ratio of total coal consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton coal per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Coal consumption intensity computed as the ratio of total coal consumption to GDP, whereby:

Total coal consumption data taken from ADB and IEA data:
www.adb.org/statistics and http://www.iea.org/Textbase/stats/coaldata.asp?COUNTRY_ CODE=VN; 

For GDP, we used data from GSO Vietnam (Annual Statistical year books) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Coal consumption Intensity for Vietnam computed as the ratio of the total coal consumption of the economy and total. Where as:

+ Coal consumption measured in thousand metric tons consumed during the year.

+ Total GDP measured in billion VND 
(h) Purpose/significance and policy relevance:  
Trend of coal consumption intensity indicates the general relationship of coal consumption by the nation to economic development and provide a rough basis for projecting coal consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on coal consumption from domestic sources is available, but it has not published yet, so the data published by ADB and IEA has been used as the alternative.

- Total coal consumption for economic wide taken from ADB from 1990 to 1996, and IEA in 2005:

www.adb.org/statistics and http://www.iea.org/Textbase/stats/coaldata.asp?COUNTRY_ CODE=VN; 
For other years between 1990 and 2007, coal consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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Data on GDP taken from national official source (GSO) on annual basis.

INDICATOR NAME:  Electricity consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Electricity consumption Intensity  
(b) Brief definition:  Ratio of total electricity consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton electricity per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Electricity consumption intensity computed as the ratio of total electricity consumption to GDP, whereby:

Total electricity consumption data taken from ADB and IEA data:
www.adb.org/statistics; and WB: Electric power consumption (kWh per capita) x total population
For GDP, we used data from GSO Vietnam (Annual Statistical year books) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Electricity consumption Intensity for Vietnam computed as the ratio of the total electricity consumption of the economy and total GDP. Where as:

+ Electricity consumption measured in thousand GWh consumed during the year.

+ Total GDP measured in billion VND 

(h) Purpose/significance and policy relevance:  
Trend of electricity consumption intensity indicates the general relationship of electricity consumption by the nation to economic development and provide a rough basis for projecting electricity consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on electricity consumption from domestic sources is available, but it has not published yet, so the data published by ADB and WB has been used as the alternative.

- Total electricity consumption for economic wide taken from ADB from 1990 to 1995, and WB from 2001 to 2005:

 www.adb.org/statistics; 2001-2005: WB: Electric power consumption (kWh per capita) x total population
For other years between 1990 and 2007, electricity consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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Data on GDP taken from national official source (GSO) on annual basis.

INDICATOR NAME:  Fertilizer consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Fertilizer consumption Intensity  
(b) Brief definition:  Ratio of total fertilizer consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton fertilizer per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Fertilizer consumption intensity computed as the ratio of total fertilizer consumption to GDP, whereby:

Total fertilizer consumption data taken from GSO Vietnam (Annual Statistical yearbooks)
For GDP, we used data from GSO Vietnam (Annual Statistical yearbooks)

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Fertilizer consumption Intensity for Vietnam computed as the ratio of the total fertilizer consumption of the economy and total GDP. Where as:

+ Fertilizer consumption measured in thousand fertilizers consumed during the year.

+ Total GDP measured in billion VND 

(h) Purpose/significance and policy relevance:  
Trend of fertilizer consumption intensity indicates the general relationship of fertilizer consumption by the nation to economic development and provide a rough basis for projecting fertilizer consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on fertilizer consumption from domestic sources is available, so the data published by GSO Vietnam has been used as the alternative.

- Total fertilizer consumption for economic wide taken from GSO Vietnam from 1995 to 2007:

For other years between 1990 and 1994, fertilizer consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the average development speed method: 
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Data on GDP taken from national official source (GSO) on annual basis.

INDICATOR NAME:  Steel consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Steel consumption Intensity  
(b) Brief definition:  Ratio of total steel consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton steel per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Steel consumption intensity computed as the ratio of total steel consumption to GDP, whereby:

Total steel consumption data taken from GSO Vietnam (Annual Statistical yearbooks)
For GDP, we used data from GSO Vietnam (Annual Statistical yearbooks)

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Steel consumption Intensity for Vietnam computed as the ratio of the total steel consumption of the economy and total GDP. Where as:

+ Steel consumption measured in thousand steels consumed during the year.

+ Total GDP measured in billion VND 

(h) Purpose/significance and policy relevance:  
Trend of steel consumption intensity indicates the general relationship of steel consumption by the nation to economic development and provide a rough basis for projecting steel consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on steel consumption from domestic sources is available, so the data published by GSO Vietnam has been used as the alternative.

- Total steel consumption for economic wide taken from GSO Vietnam from 1995 to 2007:

For other years between 1990 and 1994, steel consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the average development speed method: 
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Data on GDP taken from national official source (GSO) on annual basis.

INDICATOR NAME:  Apatite ore consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Apatite ore consumption Intensity  
(b) Brief definition:  Ratio of total apatite ore consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton apatite ore per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Apatite ore consumption intensity computed as the ratio of total apatite ore consumption to GDP, whereby:

Total apatite ore consumption data taken from GSO Vietnam (Annual Statistical yearbooks)
For GDP, we used data from GSO Vietnam (Annual Statistical yearbooks)

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Apatite ore consumption Intensity for Vietnam computed as the ratio of the total apatite ore consumption of the economy and total GDP. Where as:

+ Apatite ore consumption measured in thousand apatite ores consumed during the year.

+ Total GDP measured in billion VND 

(h) Purpose/significance and policy relevance:  
Trend of apatite ore consumption intensity indicates the general relationship of apatite ore consumption by the nation to economic development and provide a rough basis for projecting apatite ore consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on apatite ore consumption from domestic sources is available, so the data published by GSO Vietnam has been used as the alternative.

- Total apatite ore consumption for economic wide taken from GSO Vietnam from 1995 -1998 and 2000 - 2007:

For other years between 1990 and 2007, apatite ore consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the average development speed method for 1990-1994, and as the similar triangle method for 1999:

1990-1994:


[image: image31.wmf]i

n

i

n

i

i

n

i

i

n

i

n

x

x

x

x

then

year

n

the

of

data

the

is

x

year

original

of

data

original

the

is

x

x

x

t

speed

t

developmen

average

-

-

-

=

Þ

=

1

;



[image: image32.wmf]12

1995

2007

1995

1994

1995

2007

1995

2007

1995

1

1995

1995

2007

1995

2007

:

x

x

x

x

x

x

x

x

x

x

t

speed

t

developmen

average

example

for

=

»

=

=

-

-

-

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
1999: 
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Data on GDP taken from national official source (GSO) on annual basis.

INDICATOR NAME:  Cement consumption intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: Cement consumption Intensity  
(b) Brief definition:  Ratio of total cement consumption by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton cement per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

Cement consumption intensity computed as the ratio of total cement consumption to GDP, whereby:

Total cement consumption data taken from GSO Vietnam (Annual Statistical yearbooks)
For GDP, we used data from GSO Vietnam (Annual Statistical yearbooks)

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  Cement consumption Intensity for Vietnam computed as the ratio of the total cement consumption of the economy and total GDP. Where as:

+ Cement consumption measured in thousand cements consumed during the year.

+ Total GDP measured in billion VND 

(h) Purpose/significance and policy relevance:  
Trend of cement consumption intensity indicates the general relationship of cement consumption by the nation to economic development and provide a rough basis for projecting cement consumption and its environmental impacts with economic growth.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on cement consumption from domestic sources is available, so the data published by GSO Vietnam has been used as the alternative.

- Total cement consumption for economic wide taken from GSO Vietnam from 1995 to 2007:

For other years between 1990 and 1994, cement consumption trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the average development speed method: 
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Data on GDP taken from national official source (GSO) on annual basis.

INDICATOR NAME:  NOx emission intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: NOx emission Intensity  
(b) Brief definition:  Ratio of total NOx emission by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

NOx emission intensity computed as the ratio of total NOx emission to GDP, whereby:

Total NOx emission data taken from EDGAR data:
 http://www.mnp.nl/edgar/model/v32ft2000edgar/edgarv32ft_acid/edgv32ft-nox.jsp 
For GDP, we used data from GSO Vietnam (Annual Statistical year books) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  NOx emission Intensity for Vietnam is computed as the ratio of the total NOx emission of the economy and total GDP (or value added of all economic activities) in the year. Where as:

+ NOx emission measured in thousand metric tons of NOx emission during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/ regcst.asp?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/ registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of NOx emission intensity indicates the general relationship of NOx emission by the nation to economic development and provide a rough basis for projecting NOx emission and its environmental impacts with economic growth. Trend of NOx emission intensity by sector can provide a relative change of NOx emission trend of different economic sector such like agriculture, industry, service relative to value added in the sector or NOx emission per capita.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on NOx emission from domestic sources is available, but it has not broken down by sector, so the data published by EDGAR has been used as the alternative.

- Total NOx emission for economic wide and by sector taken from EDGAR in 1990, 1995 and 2000: http://www.mnp.nl/edgar/model/v32ft2000edgar/edgarv32ft_acid/edgv32ftnox.j sp 
For other years between 1990 and 2007, NOx emission trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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INDICATOR NAME:  SOx emission intensity

1. INDICATOR OVERVIEW

(a) Indicator name – short: SOx emission Intensity  
(b) Brief definition:  Ratio of total SOx emission by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

SOx emission intensity computed as the ratio of total SOx emission to GDP, whereby:

Total SOx emission data taken from EDGAR data:
http://www.mnp.nl/edgar/model/v32ft2000edgar/edgarv32ft_acid/edgv32ft-so2.jsp
For GDP, we used data from GSO Vietnam (Annual Statistical year books) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  SOx emission Intensity for Vietnam computed as the ratio of the total SOx emission of the economy and total GDP (or value added of all economic activities) in the year. Where as:

+ SOx emission measured in thousand metric tons of SOx emission during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp ?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr /registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of SOx emission intensity indicates the general relationship of SOx emission by the nation to economic development and provide a rough basis for projecting SOx emission and its environmental impacts with economic growth. Trend of SOx emission intensity by sector can provide a relative change of SOx emission trend of different economic sector such like agriculture, industry, service relative to value added in the sector or SOx emission per capita.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on SOx emission from domestic sources is available, but it has not broken down by sector, so the data published by EDGAR has been used as the alternative.

- Total SOx emission for economic wide and by sector taken from EDGAR in 1990, 1995 and 2000: http://www.mnp.nl/edgar/model/v32ft2000edgar/edgarv32ft_acid/edgv32ft-so2. jsp
For other years between 1990 and 2007, SOx emission trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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INDICATOR NAME:  CO2 emission intensity (from fossil fuels consumption)
1. INDICATOR OVERVIEW

(a) Indicator name – short: CO2 emission Intensity  
(b) Brief definition:  Ratio of total CO2 emission by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton per million VND GDP (Constant 1994 price).
(d) Original Sources and source publication (if applicable): 

CO2 emission intensity computed as the ratio of total CO2 emission to GDP, whereby:

Total CO2 emission data taken from Marland, G., T.A. Boden, and R. J. Andres. 2008. Global, Regional, and National Fossil Fuel CO2 Emissions (Data as of October 2008). Data provider: Carbon Dioxide Information Analysis Center (CDIAC):

http://geodata.grid.unep.ch/results.php 
For GDP, we used data from GSO Vietnam (Annual Statistical year books) 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  CO2 emission Intensity for Vietnam computed as the ratio of the total CO2 emission from fossil fuels of the economy and total GDP (or value added of all economic activities) in the year. Where as:

+ CO2 emission measured in thousand metric tons of CO2 emission from fossil fuels during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.as p?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/ registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of CO2 emission intensity indicates the general relationship of CO2 emission by the nation to economic development and provide a rough basis for projecting CO2 emission and its environmental impacts with economic growth. Trend of CO2 emission intensity by sector can provide a relative change of CO2 emission trend of different economic sector such like agriculture, industry, service relative to value added in the sector or CO2 emission per capita.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on CO2 emission from domestic sources does not available, so the data published by Carbon Dioxide Information Analysis Center (CDIAC) has been used as the alternative.

Total CO2 emission for economic wide and by sector of industrial & construction, and public & service sector taken from Carbon Dioxide Information Analysis Center (CDIAC) from 1990 to 2004: http://geodata.grid.unep.ch/results.php 
For other years between 2004 and 2007, CO2 emission trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method that shows in the figures below: 
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INDICATOR NAME:  GHG emission intensity (CO2 equivalent)
1. INDICATOR OVERVIEW

(a) Indicator name – short: GHG emission Intensity  
(b) Brief definition:  Ratio of total GHG emission by the country to gross domestic product (GDP) of the nation.

(c) Unit:  thousand ton per million VND GDP (Constant 1994 price)

(d) Original Sources and source publication (if applicable): 

GHG emission intensity computed as the ratio of total GHG emission to GDP, whereby:

Total GHG emission data taken from MONRE Vietnam data:
 "Vietnam National Environmental performance Assessement (EPA) Report" Ministry of Natural Resources and Environment, Vietnam 
For GDP, we used data from GSO Vietnam (Annual Statistical year books) - 

(e) Years covered and frequency of update:  1990-2007, annually updated 

2. METHODOLOGICAL DESCRIPTION

(f) Methodology:  GHG emission Intensity for Vietnam is computed as the ratio of the total GHG emission of the economy and total GDP (or value added of all economic activities) in the year. Where as:

+ GHG emission measured in thousand metric tons of GHG emission during the year.

+ Total GDP measured in billion VND and as the sum of value added of all economic activities in three main sectors, including:

· GDP of Agriculture, Forestry and Fishery sector represents the performance of economic activities in groups A (01-02) and B (05) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=17&Lg=1)

· GDP of Industry and Construction sector represents the performance of economic activities in all industrial sub-sectors including C (10-14), D (15-37), E (40-41) and F (45) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/registry/regcst.as p?Cl=17&Lg=1) 

· GDP of Service sector represents the performance of economic activities in groups G (50, 51, 52), H (55), I (60-64), J (65-67), K (70 - 74), L (75), M (80), N (85), O (90-93), P (95097), Q (99) as classified in ISIC (UN)- REV 3.1. (see: http://unstats.un.org/unsd/cr/ registry/regcst.asp?Cl=17&Lg=1)

(h) Purpose/significance and policy relevance:  
Trend of GHG emission intensity indicates the general relationship of GHG emission by the nation to economic development and provide a rough basis for projecting GHG emission and its environmental impacts with economic growth. Trend of GHG emission intensity by sector can provide a relative change of GHG emission trend of different economic sector such like agriculture, industry, resident (including service) relative to value added in the sector or GHG emission per capita.  

(g) Data Reliability and Cautionary notes: Notes regarding the degree of confidence in the data quality. 

Data on GHG emission from domestic sources is available, so the data published by MONRE has been used as the alternative.

- Total GHG emission for economic wide and by sector taken from MONRE in 1993, 1994, 1998 and 2002:  "Vietnam National Environmental performance Assessment (EPA) Report" Ministry of Natural Resources and Environment, Vietnam, March 2006.

- Total GHG emission by sector taken in 1993, 1994, 1998 and 2002 from MONRE Vietnam broken in Industry processing, agriculture, waste and energy use sector. In that case, we estimated the GHG data by sector , such as industry and construction, agriculture, resident (including service), as below:
GHG of Industrial and construction sector = GHG of industrial processing  + GHG of energy use (there were 52% energy use for industry in 1993, so we added 52% GHG of energy use into industry sector); 1994 = 53%; 1998 = 51% and 2002 = 54%.

GHG of agriculture sector = GHG of agriculture + GHG of energy use (there were 6% energy use for agriculture in 1993, so we added 6% GHG of energy use into agriculture sector); 1994, 1998 = 6%; 2002 = 4%. 
GHG of resident (including service) sector = GHG of waste + GHG of energy use (there were 42% energy use for resident in 1993, so we added 42% GHG of energy use into resident sector); 1994, 2002 = 42%; 1998 = 44%. In fact, the GHG emission from waste is about 98,5% from human and solid waste (by solid waste, there are more than 80% from domestic waste) so we prefer put the GHG of waste into the resident sector.

For other years between 1990 and 2007, GHG emission trended to increase of the period, so we estimated these data by using the Linear Interpolate Method, as the similar triangle method and the average development speed method: 
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� GSO, Statistical Yearbook 2008: These industries include food processing, textiles, leather tanning, paper, metal and non-metal processing.
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