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INTRODUCTION 

Thank you for your interest in the ESCAP Resource Efficiency Simulation Tool (REST) available at 
https://sdghelpdesk.unescap.org/re/. The purpose of this document is to provide details on the data sources 
and methodology used in REST. 

OBJECTIVES 

The objectives of REST are three-folds, namely,  

• Create awareness on the benefits of promoting resource efficiency  

• Highlight the linkages of resource efficiency improvements and all dimensions of sustainable 
development  

• Provide an easy-to-use tool that policy makers and other stakeholders can employ for policy advocacy 
and development work on resource efficiency  

 DATA SOURCES  

The key data used for the application including resource use are provided in annex table 1, wherever possible 

the data has been sourced from the United Nations and other official sources.  

GEOGRAPHIC COVERAGE 

 

The application covers all ESCAP members and associate members1, aggregation of results in terms of five ESCAP 

sub-regions, as described below  

• East and North-East Asia (ENEA): China, Democratic People’s Republic of Korea (DPR Korea), Hong 
Kong, China, Japan, Macao (China), Mongolia, Republic of Korea. 

• South-East Asia (SEA): Brunei Darussalam, Cambodia, Indonesia, Lao People’s Democratic Republic 
(Lao PDR), Malaysia, Myanmar, Philippines, Singapore, Thailand, Timor-Leste, Viet Nam. 

• South and South-West Asia (SSWA): Afghanistan, Bangladesh, Bhutan, India, Iran (Islamic Republic of), 
Maldives, Nepal, Pakistan, Sri Lanka, Turkey. 

• North and Central Asia (NCA): Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Russian 
Federation, Tajikistan, Turkmenistan, Uzbekistan. 

• Pacific: American Samoa, Australia, Cook Islands, Fiji, French Polynesia, Guam, Kiribati, Marshall 
Islands, Micronesia (Federated States of ) (Micronesia (F.S.)), Nauru, New Caledonia, New Zealand, 
Niue, Northern Mariana Islands, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, 
Vanuatu. 

RESOURCES ANALYSED 

The application provides the simulations and situation analyses of resource efficiency in terms of three 

resources: 

                                                                 

1 https://www.unescap.org/about/member-states 

https://sdghelpdesk.unescap.org/re/


• Material resources (i.e., biomass, metals, fossil fuels, non-metallic minerals) measured by domestic 

material consumption2,   

• Energy 

• Water 

The resource use for each of the resources are quantified in terms of million tonnes for DMC, Energy in term of 

total primary energy supply (measured in Kg of oil equivalent), and water measured in water withdrawals in 

cubic meters.  

METHODOLOGY 

OVERALL APPROACH  

 

The benefits of resource efficiency improvements are manifolds, and it is often difficult to capture the whole-

range of benefits. REST captures benefit of resource efficiency improvements purely in terms of resources saved 

and monetising the same at the international prices. This doesn’t take account the full range of co-benefits 

offered by resource-efficiency. One the other side, the monetised value can seem exaggerated as international 

market prices of commodities are used. Nevertheless, the REST can provide policy makers with an impression 

on the scope and magnitude of benefits that resource efficiency improvements can offer.    

 

RESOURCE EFFICIENCY SNAPSHOTS  

 

The resource efficiency snapshot section of REST provides the resource intensity for the three resources 

(calculated as units of resources used per unit of GDP).  For each country, a comparison is provided between 

resource intensity (RI) values for year 2000 (𝑅𝐼2000 ) and that of 2017 (𝑅𝐼2017). The change between these two 

points in time  is used to determine if the resource intensity of the country has improved. Essentially, if 𝑅𝐼2000 > 

𝑅𝐼2017, then the resource efficiency has improved between 2000 and 2017. For each resource, except for water, 

the tool provides the percentage change of resource intensity compared to year 2000 or resource efficiency 

trends3. The comparison of each country with average RI of the corresponding sub-region and the regional 

average is provided. This helps reader to gauge the performance of each county/sub-region/region as a whole 

in relative terms with respect to respective sub-region or regional average.  

SELECTION OF SIMULATION SCENARIOS 

 

The tool allows users to simulate resource efficiency improvements corresponding to different scenarios as 

described below.  

                                                                 

2 https://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Domestic_material_consumption_(DMC) 

3 For water, data is not sufficient to provide this comparison over time. 

https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Domestic_material_consumption_(DMC)
https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Domestic_material_consumption_(DMC)


BUSINESS AS USUAL SCENARIOS 

 

Once the user selects country and the resource, the tool presents the user with several scenarios for simulations. 

For each of the resources (with the exception of water), these scenarios include business as usual (BAU) resource 

efficiency improvement scenario and their corresponding multiples (doubling, tripling or quadrupling the BAU 

rate of progress). The BAU scenario refers to the average annual rate of improvement of material resource 

efficiency for economies within the same income grouping as the country over 2010-2017 The average 

compounded annual rate of improvement of resource efficiency for the income grouping was calculated using 

the following formula (1)  

                                 𝐵𝐴𝑈 = ( 
𝑅𝐼2016

𝑅𝐼2000
)

1/16

− 1    

                                                                                               …  (1) 

For the sub-regions and for the ESCAP region as a whole, the regional average annual rate of improvement 

(calculated using formula (1)) of resource efficiency is used.  

FINDING REGIONAL BEST PERFORMERS  

 

Users can simulate the scenario of matching the performance of regional best performer within the same income 

grouping. In this context, best performers are picked based on the lowest RI value for the latest year of data 

availability among the same income grouping. In simulating the scenario, REST calculates what benefits are 

achieved for the country selected if its resource intensity level matches that of the regional best performer 

within the same income grouping.  

 

CUSTOMIZED SCENARIO 

 

Users can also run simulations for any customized scenarios ranging from 0-100 %.  

 

SIMULATION RESULTS 

 

CALCULATING RESOURCES SAVED 

 

For each of the resources, the resources saved by the specific scenario ‘s’ for country/region/sub-region ‘c’  

−(𝑅𝑆𝑠,𝑐) − of improvement of resource efficiency is calculated using the following formula (2)  

𝑅𝑆𝑠,𝑐 = ((% 𝑜𝑓 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑅𝐼 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑖𝑛 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜) ∗  𝑅𝐼𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ) ∗  (𝐺𝐷𝑃𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒) 



                                                                               ...  (2) 

This calculation makes the following assumptions 

• the resource efficiency improvement takes places without any time lag 

•  the country or the region will produces the same GDP as that of the base-line year and with the 

same composition of resource consumption.  

•  It assumes zero rebound effect of resource consumption, i.e., it assumes that resource efficiency 

improvement itself do not trigger any enhanced consumption of resources.  

In future, the tool may be developed to allow the time dimension and GDP growth scenarios over 

customizable time frames.  

CALCULATING MONETARY SAVINGS 

 

For material resources and energy, REST allows to convert the resources saved in terms of monetary value. This 

require finding comparable cost of per unit of resources in terms of material resources is difficult and these costs 

can vary from country to country due to two main factors, 

(1) The exact composition of one unit of resource use may vary from one country to another. For instance, 

one unit of energy in China would come from various sources as compared to one unit of energy in 

Australia. Similarly, one tonne of domestic material consumption in China will look quite different from 

one tonne of domestic material consumption of Australia.  

(2) The cost per unit of components of resources is also different from country to another 

In terms of the second factor, it country specific prices are not available in all cases, so REST uses the global 

prices on fossil fuel and non-fossil fuel commodities provided by the IMF. However, applying these prices 

neglects country specific factors and trade cost factors that contribute to between and within country 

heterogeneity of prices.  Nevertheless, usage of global process is helpful to quantify the magnitude of overall 

benefits that could be obtained from resource savings in internationally comparable units.  

 REST addresses the first factor by the following methodology. It looks at the current composition of a unit of 

domestic material resource or energy in countries. For example, if there are ‘n’ components of energy or 

domestic material resource, the percentage share of each of the ‘n’ component in total final consumption is 

represented by 𝑄𝑖  , let the price of the ith  item per unit is 𝐶𝑖  then the total cost per unit of energy or domestic 

material resource consumption per country ‘c’, 𝑃𝐶   is calculated by REST as follows (3) 

𝑃𝑐  = ∑ 𝑄𝑖 ∗ 𝐶𝑖
𝑛
𝑖=1    

                                    … (3) 

In the case of energy, ‘n’ is 8 with the following eight components of Total Primary Energy Supply, namely, Coal, 

Natural Gas, Nuclear, Geothermal, Solar, Wind, Biofuels/ waste, and Hydro.  The corresponding cost of levelized 

cost of per unit of energy for each source ‘i’- 𝐶𝑖  -was obtained from International Energy Agency dataset.   

In the case of domestic material consumption, these components are biomass, metals, fossil fuels, non-metallic 

minerals. But these are very broad categories of material resources which do not have a common price. To get 

more approximate prices REST follows the following strategy. It takes the latest market prices ( 𝑀𝑖) for all major 

traded non-fuel and fuel commodities produced and combines it with their world export weights (𝐸𝑖). So in the 

case of DMC, each 𝐶𝑖  in (3) is calculated as per (4) 



𝐶𝑖 =  ∑ 𝐸𝑖 ∗ 𝑀𝑖

𝑛

𝑖=1

 

                                    … (4) 

 

Finally, the total monetary savings (𝑀𝑐,𝑠) for each county c from the each of the resource efficiency simulation 

scenario ‘s’ given in (5)  

𝑀𝑐,𝑠 = 𝑅𝑆𝑠,𝑐 ∗  𝑃𝑐   

                                       … (5) 

CALCULATION OF JOB EQUIVALENTS  

Recent empirical studies conducted in developed countries found that an overall transition to resource-efficient 

economies will create more job opportunities, including for low- and middle-skilled workers.4  For example, 

recycling resources, which is one important way to ensure that more output is produced with the same amount 

of inputs, also generates employment opportunities5. To give a broad idea on the job generation potential of 

resource efficiency improvement, REST converts the monetary savings (𝑀𝑐) into job equivalents. Job equivalents 

for country ‘c’ for scenario ‘s’ (𝐽𝐸𝑐,𝑠 ) are calculated using the mean yearly wages for the country/region/sub-

region6 (𝑊𝑐  ) using equation (6). 

 

𝐽𝐸𝑐,𝑠  =
𝑀𝑐,𝑠

𝑊𝑐

 

                                                                                              … (6) 

The calculation of job-equivalents assumes conversion of all resources saved into employment generation and 

this may not be the case in reality. However, the number of job equivalents provides an upper envelope of the 

job-creation potential of resource efficiency improvements.  Depending on the prevailing wages these job 

equivalents vary from country to sub-regions.  

RESOURCE SAVINGS IN COMPARATIVE PERSPECTIVES 

 

To give perspective on the resources saved, REST provides comparison of the resources saved in terms of several 

relatable factors (𝑀𝐶), namely, 

                                                                 

4 See www.londonsdc.org.uk/documents/LondonCircularEconomyJobsReport2015OnlineVersionFinal.pdf 

5 See www.itcilo.org/en/areas-of-expertise/green-jobs/opportunities-for-green-jobs-in-the-waste-sector. 

6 Since mean wages are very low in parts of the region and can vary considerably between countries, the 
estimation of job equivalents corresponding to similar resource efficiency improvements between countries 
can be skewed. Hence, comparison across countries of this factor is not recommended.  



• the consumption of material, energy and water in the largest mega-city in the world- Tokyo, 

Japan  

• the material used in production of Petronas tower 

• Water used to produce rice  

In terms of each of the above indicator, the simulation result  𝑁𝑐,𝑠 is calculated for each scenario ‘s’    is given by 

(7) 

𝑁𝑐,𝑠 =  
𝑅𝑆𝑐,𝑠

𝑀𝐶
 

                                                                                              … (7) 

CONCLUSION AND WAY FORWARD 

 

The resource efficiency simulation tool can promote awareness on the benefits of resource efficiency 

improvements in the region and support evidence-based decision making and policy advocacy. The feedback 

received on the tool and the methodology will be used for further refinement and development of the 

application in future.   Similar simulation tools can be developed in the future   to include systems modelling 

capability that integrates material flows, resource use with other general equilibrium effects on macroeconomic 

and social factors models to account for general equilibrium effect of resource efficiency improvements.  There 

are number of efforts currently being made to integrate resource efficiency improvements in general equilibrium 

models and multi-sectoral models. REST presents a framework to further illustrate the results of such models in 

an accessible format for policy makers and other stakeholders. 

ANNEX 

DATA SOURCES 

 

Variables used Units (if 
applicable) 

Data source 

Domestic 
material 
consumption 
intensity  

Kg per US$ ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

Domestic 
material 
consumption 
total 

Million 
tonnes 

ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

Total Primary 
Energy Supply  

Kg of oil 
equivalent  

ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

Total Primary 
Energy Supply 
Intensity  

Kg of oil 
equivalent 
per 1 000 
dollars GDP 

ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

http://data.unescap.org/escap_stat/#home
http://data.unescap.org/escap_stat/#home
http://data.unescap.org/escap_stat/#home
http://data.unescap.org/escap_stat/#home


(2011 PPP) 
2015 

GDP growth 
forecast 

Rate of 
growth  

The International Monetary Fund, World Economic Outlook, 2018  

Levelized cost 
of energy  

 US$ International Energy Agency 

Actual Market 
Prices for Non-
Fuel and Fuel 
Commodities, 
2014-2017 

US $ per 
tonne  

The International Monetary Fund 

World export 
weights of 
commodities  

Ratio The International Monetary Fund 

Water intensity Cubic meters 
per US$ 

ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

Water 
requirement 
for rice 
production and  
consumption 
per person 

 http://freerice.com/content/how-much-rice-does-it-take-feed-person-
day-how-many-grains-rice-gram 

https://www.theguardian.com/news/datablog/2013/jan/10/how-much-
water-food-production-waste#data 

Water required 
to produce one 
unit of 
electricity 

 https://spectrum.ieee.org/energy/environment/how-much-water-does-
it-take-to-make-electricity 

 

GDP current   US$ ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

GDP PPP  ESCAP statistical database (http://data.unescap.org/escap_stat/#home) 

Annual average 
wages  

 US$ ILO data accessed through ESCAP statistical database 
(http://data.unescap.org/escap_stat/#home) 

Mega city 
consumption 
details of 
energy, water 

 Water : http://www.pnas.org/content/112/19/598 

Material : Artessa Niccola D. Saldivar-Sali, A Global Typology of Cities: 
Classification Tree Analysis of 

Urban Resource Consumption, MIT Thesis, available at : 
https://dspace.mit.edu/handle/1721.1/61558 

 

Petronas tower 
weight  

 Tonnes https://www.mm2h.com/the-history-and-construction-of-the-petronas-
twin-towers/ 

Water required 
for producing 
rice 

 https://www.theguardian.com/news/datablog/2013/jan/10/how-much-
water-food-production-waste#data 

http://data.unescap.org/escap_stat/#home
https://spectrum.ieee.org/energy/environment/how-much-water-does-it-take-to-make-electricity
https://spectrum.ieee.org/energy/environment/how-much-water-does-it-take-to-make-electricity
http://data.unescap.org/escap_stat/#home
http://data.unescap.org/escap_stat/#home
http://data.unescap.org/escap_stat/#home
http://www.pnas.org/content/112/19/598
https://dspace.mit.edu/handle/1721.1/61558
https://www.mm2h.com/the-history-and-construction-of-the-petronas-twin-towers/
https://www.mm2h.com/the-history-and-construction-of-the-petronas-twin-towers/
https://www.theguardian.com/news/datablog/2013/jan/10/how-much-water-food-production-waste#data
https://www.theguardian.com/news/datablog/2013/jan/10/how-much-water-food-production-waste#data


Water required 
for producing 
electricity  

 https://spectrum.ieee.org/energy/environment/how-much-water-does-
it-take-to-make-electricity 
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