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Background: Energy efficiency improvements are normally considered cheaper options to reduce greenhouse gas (GHG) emissions. Many studies developing marginal abatement cost (MAC) of GHG mitigation options find that energy efficiency options are the cheapest ones with negative costs of GHG abatement (see e.g., de Gouvello et al. 2010; World Bank, 2011; Mckinsey and Company, 2010; Timilsina et al. 2000). Although the literature on MAC curve is rich, MAC curves produced by various studies are not comparable for various reasons including difference in underlying assumptions, difference in key data, such as discount rate. Moreover, the calculation of GHG mitigation potential of the same measure are different in existing studies as they use different assumptions on the rate of energy efficient technologies in baseline as well as climate change mitigation scenarios with energy efficiency improvements. This paper develops a comprehensive methodology to calculate the MAC curve for selected energy efficiency measures in the building sector. The methodology is employed to develop MAC curves for energy efficiency measures in the residential and commercial/public buildings in Georgia, a country where climate change mitigation is one of the primary agenda of the government.  
Methodology: Normally two types of approaches are used to calculate MAC curves: static and dynamic. The static approach considers all GHG mitigation technologies/options are compared assuming as if they are implemented now. However, in reality, realization of GHG mitigation potential of a technology/option occurs overtime. For example, not all buildings with inefficient light bulbs could adopt efficient light bulbs immediately, it might take years. One of the key contribution of the methodology developed here is that it distinguish between the existing buildings and new buildings. This critically important because the likelihood of adoption of energy efficient appliances is higher in the new buildings due to several reasons such as awareness of consumers, already introduced energy efficiency standards. Moreover, probability of adopting energy efficient measures that require major reconstruction/remodeling of existing buildings would be low. The study also differentiate between existing stock of appliances and new stock of appliances especially to decide whether an incremental or full costs be considered for an efficient appliance. We use the full cost of the new efficient appliances instead of the incremental costs when existing or already in place appliances are to be replaced with new ones. On the other hand, we use incremental costs if an appliance buyer has a choice between inefficient and efficient appliances.
Results and Sensitivity Analysis: The marginal abatement cost curve consisting of various GHG mitigation options related to energy efficiency improvement is presented in Figure 1. Replacement of energy inefficient light bulbs with efficient light bulbs is the most cost effective measure in saving energy and reducing GHG emissions from the building sector in Georgia. This measures would save more than 1.5 million tons of CO2 emissions over the next 20 years at costs US$164/tCO2 and US$239 tCO2 in the residential and in commercial sectors, respectively.  The adoption of efficient appliances in both existing and new residential buildings would reduce 6% GHG emissions in 2020 to 15% reductions in 2035. The level of reductions is much higher in the commercial and public buildings because of large space to improve energy efficiency. Our study finds for electrical appliances (i.e., light bulbs, refrigerators, washing machine and TVs) that almost entire GHG mitigation potential accrue through the replacement of these stock when they expire their economic lives. In some cases (e.g. window insulation), most GHG mitigation comes when device (e.g., window) is replaced with the new stock when they are still in operation. We carried out three sets of sensitivity analysis: (i) change rate of adoption of energy efficient technologies under the baseline scenario, (ii) change rate of adoption of energy efficient technologies under the mitigation scenario and (iii) change discount rate. It is not marginal abatement costs but mitigation potential are sensitive to the first two analysis, whereas marginal abatement costs are sensitive to the third sensitivity analysis. The negativity of marginal costs of most options evaporates if discount rate is doubled to 15% from 7.5% assumed in the main analysis.
Figure 1: Marginal GHG abatement cost curve of energy efficiency measures in the building sector in Georgia


Conclusions: This study develops a methodology to estimate marginal abatement cost curve for energy efficiency measures and apply the methodology in the building sector in Georgia. The study finds that among the various energy efficiency measures considered, the replacement of energy inefficient light bulbs with efficient light bulbs is the most cost effective measure in saving energy and reducing greenhouse gas emissions from the building sector in Georgia. The improvement of thermal insulations of windows has the highest GHG mitigation potential with almost 2 million tons of CO2 over the period of 20 years between 2015 and 2035.  All energy efficiency improvement options, except television sets in the residential sector, considered in the study, are found to have negative costs of GHG mitigation implying that implementation of these measures would produce net benefits even if the value of reduced carbon is not taken into account. 
[bookmark: _GoBack]
Reference:
de Gouvello, C., Saores Filho, B., Nassar, A., Schaeffer, R., Alves, F., and Alves, J. (2010).  Brazil Low-carbon Country Case Study.  Energy Sector Management Assistance Program, The World Bank, Washington, DC.
Timilsina, G. R., T. Lefevre and S. Sherstha (2000), Techno-Economic Databases for Environmental Policy Analysis in Asia: Requirements and Barriers, Pollution Atmospherique, pp. 79-88.
McKinsey & Company (2009). Pathways to a Low Carbon Economy: Version 2 of the Global Greenhouse Abatement Cost Curve. http://www.mckinsey.com/client_service/sustainability/latest_thinking/greenhouse_gas_abatement_cost_curves
World Bank (2011), Transition to a Low-Emissions Economy in Poland, World Bank, Washington, DC.

Commercial lighting	
0	0	540.28702188795228	540.28702188795228	0	-239.92280919996537	-239.92280919996537	0	Residential Lighting	
540.28702188795228	540.28702188795228	1515.3169271476454	1515.3169271476454	0	-164.21962008968794	-164.21962008968794	0	Residential Refrigerators	
1515.3169271476454	1515.3169271476454	1614.8524951716522	1614.8524951716522	0	-138.88045101508024	-138.88045101508024	0	Public Lighting	
1614.8524951716522	1614.8524951716522	1723.5376014047988	1723.5376014047988	0	-123.8982174788415	-123.8982174788415	0	Commercial Roof insumation	

1723.5376014047988	1723.5376014047988	2122.8109788609945	2122.8109788609945	0	-109.04765088951245	-109.04765088951245	0	Commercial Windows	
2122.8109788609945	2122.8109788609945	2241.124101783495	2241.124101783495	0	-88.883381560382361	-88.883381560382361	0	Residential Roof Insumation	
2241.124101783495	2241.124101783495	2748.9476425034736	2748.9476425034736	0	-63.330203817197599	-63.330203817197599	0	Residential Windows	
2748.9476425034736	2748.9476425034736	4388.2022918394314	4388.2022918394314	0	-55.655762567622503	-55.655762567622503	0	Commercial Wall Insulation	
4388.2022918394314	4388.2022918394314	4937.8055308321964	4937.8055308321964	0	-55.00864246898292	-55.00864246898292	0	Residential Wall Insulation	
4937.8055308321964	4937.8055308321964	5781.2721136561022	5781.2721136561022	0	-27.022959471192461	-27.022959471192461	0	Residential Washing machines	

5781.2721136561022	5781.2721136561022	5809.2114712313387	5809.2114712313387	0	-5.8830216731087193	-5.8830216731087193	0	Residential TVs	
5809.2114712313387	5809.2114712313387	5977.8405742762607	5977.8405742762607	0	80.931061087057557	80.931061087057557	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
5977.8405742762607	5977.8405742762607	5977.8405742762607	5977.8405742762607	0	0	0	0	
#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	Potential ktCO2e saving

MAC: $/tCO2e


