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Abstract
[bookmark: _GoBack]Israeli policy makers are considering carbon reduction targets for 2050. The goal of this study is to provide a comprehensive, economy-wide analysis of the alternative pathways for energy- related carbon emission reduction in Israel. An integrated bottom-up, top-down modelling exercise, based on an original MEASSAEGEix-IL-MACRO framework, was performed over the Israeli energy system to assess the cost-effectiveness of greenhouse gas (GHG) emissions reduction options—, firstly(i) with renewable energy and transport electrification targets, and secondly (ii) by imposing a carbon tax. The results show that, by the adoption ofing such a pPolicy or a moreand aAmbitious pPolicy (with a higher carbon tax)targets, energy- related GHG emissions could be reduced by about 60% orto 90%, respectively, by 2050 relative to the reference year of 2005, with only a minor impact on the GDP growth of the national gross domestic product (GDP). Decarbonization of the Israeli economy will necessarily be based on an increasing the electrification of energy demand in transport and industry and on generating power from renewable (mainly solar) energy resources (mainly solar). The unique challenge for Israeli policy -makers is a population growth rate that is comprised of unprecedented in the developed world population growth-rate. The infrastructure should be rapidly developed rapidly to keep the growth of the standard of living intact tack.   This challenge also presents the opportunity for a quick transition to a cleaner economy. 
The modeling tool and its outcomes can provide valuable insights for the design of clean energy policies that permit theallow fostering of sustainability targets. This methodology results in various scenarios that may help decision makers to understand the options available to them to accomplish the ambitious goals and targets they may set in their political forumsa.
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1. Introduction
 The energy sector in Israel is at aon the crossroad. Traditional energy sources are in the process of replacement byfor natural gas (NG) and renewable energy (RE) in power generation, and industry and transport are beingas well as gasifiedcation and electrificatiedon of industry and transport. Long a resource-poor country, Israel now has more NG than it needs for the next thirty30 years. As Israel's energy bill before the NG discoveries was about $10 billion—more than 5% of GDP—the supply of domestic NG and its export have been contributing to the country's trade balance (Palatnik, Tavor, and& Voldman, 2019).
Ultimately, the process is expected to lead to cleaner energy and a better environment. However, concerns about energy reliability and security, the intermittency of RE, and, uncertainty about the costs of energy transition and required infrastructure, challenge policy makers infor committing to the transition.
Globally, smarter technologies and designs that use energy more efficiently could provide the same or better services with far less energy, costs, and risk (Gielen, et al., 2019). Moreover, the fossil fuels that provide most of the energy now generally cost more than the modern renewable sources that have already taken over two-thirds of the world’s power-plant market (IEA, 2017).	Comment by Glen Foss: I think this could be questioned, and the meaning is unclear. Do you mean that 2/3 of new power plants are being built to use renewable sources that are less expensive than fossil fuels? Do the “renewable” sources include NG? Will enough renewables be available to supply those plants?
RThe past recent years have seen tremendous turmoil in regional and global energy markets, with volatile oil prices, geopolitical tensions over oil and NG supply, and tightened environmental regulation. 
Thoese transformations offer remarkable opportunities for policy -makers to build a durable economy and to make energy supplies resilient to catastrophic interruptions of supply shift. Evidence is now emerging in such major economies as China,  (NDRC, 2016), India, the USA, and the EU (Kemfert, 2017) that, if based on the lowest-cost available resources, ambitious global climate protection can be profitable rather thannot costly but profitable (NDRC, 2016; Kemfert, 2017; (CCC, 2019).
The national carbon mitigation goals for 2050 should be declared atIn the United Nations Climate Change Conference (UNFCCC COP -26), to be held in Scotland, in November 2020, the national carbon mitigation goals for 2050 should be declared. The EU has recently stated ambitious targets of net zero carbon emissions to be reached by the year 2050 (European Commission, 2019). The Israeli policy -makers are skceptical as toabout how far greenhouse gases (GHGs) emissions reduction in Israel can go without hampering the economic growth. The aim of this study is to investigate the economic impact of alternative paths for GHGs emission reduction in Israel. 
Gielen, et al., (2019) state that well-designed transition policies should consider energy systems characteristics and encompass energy supply and demand. In this study, we propose a unique modeling setup that best fit to represent Israeli energy-system and the economy in order to inform the debate and facilitate the decision process for energy related GHGs emission reduction goals to be set by the future government in Israel. 
The rest of the paper is organized as follows: Section 2 presents the motivation for the methodology used in this study. Section 3 describes the modeling framework. Section 4 outlines the research structure. Section 5 presents the main assumptions for different scenarios, following by key results presented in Section 6. Section 7 concludes with discussion and policy recommendations. 
2. Methodology: background 
Energy is a crucial economic input circulating in the economy, widely utilized as production factor and consumed in different forms by households. For this reason, any changes in energy sector might have a preponderant impact on the entire economy. The challenge in modeling energy markets and policy is to capture adequately energy-system effects, the sectoral and macro-economic impact and feedback effects . The literature provides a variety of approaches to combining economic and energy system modeling . 
Bottom-up engineering models include thorough descriptions of technological aspects of the energy system, including future improvements . They include interactions among the numerous individual energy technologies that make up the energy system of an economy, from primary energy sources, via conversion and distribution processes to final energy use. A solution constitutes a partial equilibrium where energy demand is fulfilled in a cost-optimal fashion. Energy modelling frameworks commonly consist of technology-rich bottom-up representations of the energy sector alone, whilst policy interventions on the latter entail economic and environmental consequences on the whole set of productive sectors within a national economy. Thus, partial equilibrium modeling of energy sector is not sufficient to analyze policy questions . 
Top-down general equilibrium (GE) models, on the other hand, describe the whole economy, and emphasize the possibilities to substitute different production factors in order to maximize the profits of firms. The substitution possibilities between energy and other production factors are captured in production functions, which describe changes in fuel mixes as the result of price changes under certain substitution elasticities. Prices are determined by the market clearance conditions that equalize supply and demand for all commodities in the economy, both energy and non-energy alike. The constant elasticity of substitution (CES)-type production function aggregates economic quantities in a nonlinear fashion, conserving value but not physical energy flows . Even if the scope of top-down models is comprehensive, such models are characterized by a high aggregation level: indeed, energy technologies are usually lumped together in one average “energy sector”. For such reasons, this approach should be considered complementary to bottom-up models rather than the opposite, encouraging new methodology to bridge these tools often called “links”, which are increasingly proposed in the recent literature .
As top-down and bottom-up models represent two contrasting and wide-spread approaches for quantitative assessment of energy policies. Linking between them allows for the strengths of one model complementing the other . Among the examples for hard-linking between bottom- up and top-down models are the MESSAGE-MACRO model by IIASA  and MARKAL-Macro . South African TIMES energy system model (SATIM) has been hard-linked to a detailed dynamic CGE model of South Africa (SAGE) . Another example is provided by  that created a soft link between TIMES_PT energy bottom-up partial equilibrium model and DGEM top down model for the Portuguese economy to analyze potential carbon mitigation pledges for Portugal. Kober et al. linked a macroeconomic model to an energy system model by considering the decreases in consumers’ spending due to the introduction of carbon taxes . As part of the EU current policy modelling and evaluation, the TIMES model has been integrated with the GEM-E3 CGE model for assessing the economic and environmental consequences of a variety of energy policies . 
The top- down analysis of the Israeli economy include, the CGE model for Israel, IGEM  that has been developed and employed for more than 10 years already, to analyze the economy-wide impacts of climate change (Baum, Palatnik, Kan, & Rappaport-Rom, 2016; Davidovich, Palatnik, Ayalon, & Shechter, 2015), and climate change mitigation-policies in Israel (Palatnik & Shechter, 2008; Palatnik & Shechter, 2010).  Other CGE- based analyses include Luckmann et al. (2014), and Yerushalmi (2018), who showed for the Israeli case-study the economy-wide costs of water scarcity.  Siddig & Grethe (2014) used a GTAP-based CGE model to analyze costs of NG supply disruptions from Egypt. 
The bottom-up energy-related models for Israel usually focus on a specific sector within energy, e.g. electricity sector, or NG, oil  etc. These approaches fail to assess major shifts in the energy system and their macroeconomic implications. Due to expected shifts to NG and RE in power generation, as well as the electrification of transport and industry, a comprehensive representation of the energy sector and the interlink with the macro-economy is required. 
MESSAGEix-IL-MACRO is the first modeling attempt to detail represent the Israeli energy sector as a whole via MESSAGEix-IL and to link it to a macro-economic model MACRO to retrieve the feedback from the energy demand side.  
3. Description of the modeling framework
In the present study, we utilize a novel long-term horizon, linear, least-cost integrated assessment model of the Israeli energy system, MESSAGEix_IL. MESSAGEix_IL is a country-level application of the Integrated Assessment Model, MESSAGEix[footnoteRef:1], developed at the International Institute of Applied Systems Analysis (IIASA) over the past four decades . MESSAGEix is a dynamic bottom-up technology based optimization model designed for medium to long-term energy planning and policy analysis that provides a framework to represent energy systems with all their inter-dependencies and correlations. MESSAGEix can describe the entire energy system including resource extraction, trade, conversion, transmission and distribution, and the provision of energy end-use services such as light, space conditioning, industrial process heating, and transportation . The optimization model is solved to find the least-cost solution of satisfying energy demand under various technical, economic and ecological constraints. [1: 
] 

To obtain macroeconomic feedback for changes in energy system, MESSAGEix_IL is directly linked to the MACRO module of MESSAGE model introduced by . MACRO maximizes the intertemporal utility function of a single representative producer-consumer through optimization . The result is a sequence of optimal savings, investment, and consumption decisions. The main variables of the model are the capital stock, available labor, and energy inputs, which together determine the total output of an economy according to a nested production function with constant elasticity of substitution. It considers the six commercial energy demand categories in MESSAGE. The combined model calculates amongst other variables the required capacity investment, the optimal energy system configuration, and the resulting emissions.
In this study, we developed a linked framework of MESSAGEix-IL bottom-up energy model for Israel, with the MACRO model, to obtain the feedback of carbon mitigation on energy demands and the overall economic performance.
4. Research structure  
The research was conducted in the following steps (Figure 1). First, the global energy model MESSAGEix-GLOBIOM was rescaled to represent the energy sector in a country-level model. In our case, the global energy model was transformed to represent a small open economy, with imports of crude and refined oil, and coal; exports of natural gas and oil-products. A series of additional updates to system closure rules were performed.
Second, the key parameters that characterize Israeli energy sector were updated. Those include NG reserves discovered offshore Israel (900 BCM), energy taxes, power-generation capacity according to fuel mix, costs of power plants, storage, etc., (
Annex 1). The reach historical data is comprised of the technologies in place, capacity, investment, operating and management costs, efficiency factors and more. Here, the close collaboration with the Ministry of Energy allowed obtaining the most updated data for MESSAGEix_IL. 
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[bookmark: _Ref25147495]Figure 1: Research structure 
Third, in collaboration with stakeholders, the future development of energy sector in Israel until the year 2050 that follows official policy plans was identified. Accordingly, the “baseline” scenario for the future development of the energy sector in Israel until year 2050 was generated by MESSAGEix_IL.
Forth, the “baseline” scenario generated by MESSAGEix_IL served for calibration of the aggregated macroeconomic model MACRO. In the baseline calibration of MACRO, the GDP and population growth in Israel follows the official reports, while the energy development is generated by baseline scenario in MESSAGEix_IL. 
Finally, alternative policies, such as higher share of power generation from RE, complete electrification of transport sector by the year 2050, and carbon taxes, were imposed as external shocks to the energy system in MESSAGEix_IL. In response to these shocks, the cost minimization model MESSAGEix_IL rearranged the energy mix. The resulting energy prices were transferred to MACRO that generated the response of the final demands, and transferred energy demands back to MESSAGEix_IL. The models run until convergence of energy quantities. The results represent the alternative pathways of energy sector development in Israel that take into account the direct economic costs of energy related GHG emission reduction. 
Although MESSAGEix_IL reflects in detail the energy-related carbon emissions, other sources of GHG, like agriculture, waste and land use change are not presented in the current version of the model. Therefore, the analysis below reflects the potential change in about 85% of GHG emissions in Israel. 
Notably, the estimations below do not include the co-benefits of reduced emissions of local pollutants that are gained in each policy scenario. The decline in emissions of local pollutants is correlated with the reduction of carbon emissions. Therefore, improved air quality, which leads to gains in health, and labor productivity is not covered in the current analyses. 
5. Assumptions for Baseline and alternative scenarios 
Several scenarios for energy policy are currently being discussed by the Ministry of Energy and the government, and not yet concluded. The plan for Energy Economy Objectives for the year 2030 (MOE, 2018) provide a cost-benefit analysis of transformations in three sectors: 1. removing coal from the energy mix for power generation, while increasing the share of NG to 70% and RE to 17%; 2. increasing NG share for the production of energy and steam in the industrial sector; 3. shifting to electric vehicles and NG-powered trucks. Positive net economic benefit was observed. The present study broadens the scope of the policy alternatives and evaluates each of them with the rigorous tool of applied system analysis, specifically developed to represent Israeli energy sector and the Israeli economy. To identify the economic prospects of clean energy pathways for Israel and the associated change in CO2 emissions under climate mitigation policies, we employ a multi-scenario analysis. The key assumptions for each scenario are summarized in Table 1. The list of main assumptions is presented in Annex 1.


Table 1: Scenario assumptions 
	Scenarios
	Baseline I: Low population growth, RE & EV
	Baseline II: High population growth, RE & EV
	Policy Scenario

	Ambitious Policy Scenario

	Socio - economic
	Population (average annual growth)
	1.7% 
	2.0% 
	Follow baselines

	
	GDP (average annual growth)
	2.5%  
	3.5% (IEC, 2017)
	Follow baselines

	Power generation
	RE 
	17% from 2030 on
	30% from 2030 on
	85% in 2050

	
	Coal
	Reduction of the capacity of coal power plants by 2030, remaining 3400 MW available till 2050
	Graduate reduction to 0 by 2030

	
	Gas
	NG export of 25% of reserves by 2050
	No bound on NG capacity after 2025

	Electric Transport
	30% in 2050
	60% in 2050
	100% electric transport

	Carbon tax (Average annual in a 5 years period, per ton CO2)
	No Carbon Tax
	2020
	$0
	$0

	
	
	2025
	$23.3
	$61.8

	
	
	2030
	$48
	$145

	
	
	2035
	$53
	$160

	
	
	2040
	$58
	$176

	
	
	2045
	$62
	$190

	
	
	2050
	$67
	$205

	
	
	2055+
	$69
	$212



To capture the high uncertainty of future economic development, we produced two “baseline” scenarios that differ for population growth according to different projections of CBS (2017) and corresponding GDP growth. In addition, Baseline scenario I follows 17% of RE in power generation by 2030 as of Israeli commitment in Paris Agreement.  Baseline scenario II implements the recently discussed goal by the Ministry of Energy to reach 30% of RE by the same year. Baseline scenario II also contains higher rate of electric transport by the year 2050. 
Starting from each baseline scenario, two alternative policy scenarios were analyzed. The policy scenarios share the same assumptions for the year 2050 about the share of RE in the energy mix for electricity production (85%), the rate of electric transport (100%), and complete phase out of coal by 2030. The only difference between the two policy scenarios is the annual rate of carbon tax levied per ton of carbon (Table 1). “Policy scenario” introduces increasing carbon tax that follows the mid-range of EPA (2015), and “Ambitious policy scenario” introduces higher carbon tax that corresponds more closely the recent estimations of social cost of carbon .  
6. [bookmark: _Ref25238096]Results 
According to the development assumptions , the GDP is projected to grow by about 140%  to 230%, while the population almost doubles, in the period of 2015 to 2050 in Baseline I and II respectively. The corresponding growth of energy-related GHG emissions, as estimated by MESSAGEix_IL, is of 30-37% in Baseline I and II (Figure 2). 
30-37%
140%
230%

[bookmark: _Ref29471663]Figure 2: GDP and carbon emissions in Baseline I and II
Evidently, key assumptions in Baseline II comparing to Baseline I have offsetting impacts on energy related GHG emissions.  On the one hand, higher population and GDP growth rates increase energy demand. On the other hand, higher rate of RE in power generation and higher rate of transport electrification diminish carbon emissions.
 As the GDP growth in the baselines is significantly higher than that of GHGs, partial decoupling between economic growth and carbon emissions in the Israeli economy might be achieved, if currently planned policies are indeed implemented (Figure 2).
Applying “policy scenario” and “ambitious policy scenario” on Baselines I and II shows that the Israeli economy can reach a significant reduction in energy related GHG emissions without compromising the economic growth (Table 2).
[bookmark: _Ref25243490]Table 2: Summary of key results for Baselines and Policy analyses
	[bookmark: _Ref25243193]
	Emissions in 2050 vs 2005
	GDP vs projection in 2050

	Baseline Scenario I
	48%
	-

	Policy Scenario
	-66%
	-0.31%

	Ambitious Policy Scenario
	-92%
	-0.62%

	Baseline Scenario II
	49%
	-

	Policy Scenario
	-61%
	-0.02%

	Ambitious Policy Scenario
	-73%
	-0.32%


Table 2 presents the estimated percent change in energy-related GHG emissions projected for 2050 comparing to the year 2005, which was Paris Agreement reference year for Israel . Evidently, if Israel follows the currently planned development paths (Baseline I and II) the energy related GHGs are about to rise by half. However, policies that promote reaching 85% of RE in the energy mix for power generation and full electrification of transport by 2050, combined with modest carbon tax rates, not only prevent the increase in GHGs, but reduce the emissions by about two-thirds (Policy Scenario). Higher carbon tax might achieve even sharper decline of 73 to 92 percent (Ambitious Policy), placing Israel in line with NDCs for 2050 of most OECD countries . The estimated direct economic cost in 2050 is between 0.02 and 0.62 percentage of GDP. 

Figure 3: GDP and GHG emissions in Baseline I, Policy and Ambitious Policy scenarios
The year 2015 is the most recent historical period in the model that runs in 5-years steps. Therefore, for the year 2020 the first output of the MESSAGEix_IL-MACRO framework is obtained. Figures 3 and 4 show the estimated GHG emissions and GDP for each Baseline and Policy scenario starting from the observed year 2015 with 5 year-steps projections till the year 2050. 

Figure 4: GDP and GHG emissions in baseline II, Policy and Ambitious Policy scenarios
The government take from Carbon tax (Table 3) has an inverse U shape as the tax per ton of CO2 equivalent, increases while the GHG emissions are projected to decline over time. 
Table 4: Income of Carbon Tax from energy related GHG emissions
	
	Policy
	Ambitious policy

	Year
	Tax 
$ per Ton
CO2eq
	Emissions
Mil. Ton
CO2eq
	Tax Income
% of GDP
	Tax
$ per Ton
CO2eq
	Emissions
Mil. Ton
CO2eq
	Tax Income
% of GDP

	2020
	0
	73.30
	0
	0
	72.14
	0

	2025
	23.3
	71.62
	0.44%
	61.8
	64.81
	1.07%

	2030
	48
	60.61
	0.65%
	145
	45.19
	1.48%

	2035
	53
	55.47
	0.56%
	160
	37.11
	1.13%

	2040
	58
	43.41
	0.40%
	176
	27.90
	0.79%

	2045
	62
	31.63
	0.27%
	190
	20.08
	0.52%

	2050
	67
	23.69
	0.18%
	205
	18.28
	0.43%



Checking closely the energy mix in power generation, we see that coal phases out completely in both Baseline II and Policy scenarios (Figure 5). In Baseline II, NG use in power generation is expected to increase significantly by 2050, while in the Policy scenario the energy mix in 2050 is composed of 15% of NG and 85% solar energy (the corresponding needs of storage are included).  In total, power generation is projected to rise significantly in Policy scenarios comparing to Baselines. The additional growth is mainly due to storage needs to compensate for high rates of solar power. 
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[bookmark: _Ref29482036][bookmark: _Ref29482029]Figure 5: Energy mix in power generation TWh
MESSAGEix_IL allows investigating the segmentation of the reduction and transformation components that the energy sector undergoes in Policy relative to Baseline scenarios.
For example, in Figure 6 we compare the Total Final Energy Consumption (TFC) between 2020 and 2050 in Baseline II and Policy scenario. Evidently, the energy consumption in transport is projected to rise in Baseline II, but to decline in the Policy scenario, even though the number of vehicles is growing significantly in both. This is because electric transport much more energy efficient than that with an internal combustion engine.
 Transport
Industry
Resid.& Commer.
Feedstock 
Policy
Baseline II

[bookmark: _Ref29480331]Figure 6: Total Final energy Consumption according to final users in Baseline II and Policy scenarios
The main transformation of energy sector in Israel as projected in Policy scenario is summarized in Figure 7. The share of RE in power generation sharply increases to reach the goal of 85 percent by 2050. Carbon taxes, enhanced energy efficiency and transport electrification increase the overall electrification of the economy from about 30% today to 70% in 2050, while the energy intensity declines by 53%.  While the decline in energy intensity may seem sharp, 40% of it is reached in the baseline scenario and only about 13% are driven by the policy. This composition of energy intensity reduction indicates that full implementation of all current policy plans and supporting the natural efficiency trends, are crucial.

[bookmark: _Ref29483212]Figure 7: Energy intensity, share of electricity in final energy mix and share of RE in power generation
7. Discussion and policy recommendations
The policy-makers around the world are in the process of establishing the national development plans to the year 2050 to combat Climate Change. In the present study, we simulate the adoption of energy-related carbon emissions reduction targets, and their impact on the economic growth in Israel, using an original dynamic integrated energy-macroeconomic framework MESSAGEix-IL-MACRO.
We report the results for six scenarios: Two baseline scenarios that served as the starting point for two policy scenarios: the Policy Scenario and the Ambitious Policy Scenario with higher carbon tax rate. The results show that adopting Policy and Ambitious Policy targets, energy related GHG emissions could be reduced by about 60% to 90% respectively, by 2050 relative to the reference year 2005, with a minor impact on GDP growth. The decline in emissions is achieved by higher energy efficiency that contributes about 60% to the reduction in energy consumption per unit of GDP compared to 2017. Another important step for decarbonization is diverting energy production from the use of polluting fossil fuels to RE, while electrifying the economy so that the rate of electricity use in total final energy consumption increases from about 30% to date to 70% in 2050 in the policy scenario. The improved efficiency and transition to RE are partly due to the exogenous targets for RE in power generation and full electrification of transport, and partly due to the imposition of a carbon tax.
Importantly, the analysis so far covers, about 85 percent of GHGs in Israel that result from energy related processes.  In addition, the simulation does not take into account the health benefits to the economy that result from reducing regional air pollutants, which are highly correlated with GHG emissions. Moreover, the economic and social benefits from Climate Change mitigation are not incorporated in the analysis, as the mitigation results are dependent on the global decarbonization effort. Furthermore, the model does not take into account the effect of structural change in the economic sectors on the composition of employment. 
Nevertheless, the analysis allows to drive several important conclusions. First, adopting targets to reduce GHG emissions by 2050 represents an exceptional opportunity for long-term strategic planning in Israel. Significant reductions in GHG emissions can be achieved by electrification of the economy while basing power generation on renewable energy sources. Achieving these goals involves investing, which, if implemented optimally, can contribute to achieving both emission reduction goals and economic growth. In particular, there is a synergy between adopting emission reduction targets and the need for considerable investment in infrastructure in order to achieve the Israeli economy's growth targets, given the expected demographic growth. 
However, considerations of energy security must also be carefully evaluated. On the one hand, increased use of domestic renewable energy reduces the reliance on imported coal and oil. On the other hand, the main source of RE in Israel is solar energy, while hydro and nuclear based power generation is not feasible. Accordingly, to meet the goals of RE in power generation, electricity demand management and storage as well as wind and waste to energy should be promoted. 
The transport sector is responsible for more than two-thirds of Israel's fossil energy consumption. In addition, Israel suffers from a decade long underinvestment in transport infrastructure. Given the urgency of solving road congestion and the continuing growth of new vehicles on roads every year, driven by demographic and economic growth, we recommend fast electrification of light and public ​​transport to be the government's most important budgetary commitment, and require immediate implementation. Accordingly, we call for investment in electric and efficient public transportation. Infrastructure that allows employing electric transport for electricity storage and supply can also contribute to solving the challenge of high rate of solar energy in power generation. 
The construction sector also provides an opportunity to achieve decarbonization goals. The high rate of population and economic growth requires construction of about 100 thousand new residential dwellings a year. The government-sponsored “Buyer's Price Program” speeds up the housing construction at lower-than-market-prices, but completely avoids green building standards or energy efficiency considerations. Energy efficiency will be increased by both designing residential dwellings and commercial, public and industrial centers according to green building standards that reduce energy consumption, and by connecting them with efficient electric public transportation. These steps might lead to increasing upfront building costs in the short term, but they are proved as cost efficient in the long-run . The green standard must also be applied to construction as part of renovation-evacuation-construction government programs that are planned to replace TAMA 38 for private and public buildings and offices. Another recommendation is to promote the “procumers” programs where the end-users provide their energy needs by solar panel or wind turbine and supply the surplus to the grid. 
The industry is also responsible for a significant proportion of pollutant emissions. To make the most of NG reserves offshore Israel, the government subsidizes the investment in NG infrastructure for energy-intensive industries. The utilization of NG is indeed preferable, in terms of pollution comparing to other fossil fuels. However, heavy investment in NG infrastructure might prevent the investment in electrification of industry that is required to meet the goals of decarbonization. In addition, the government is called to reconsider the industry development plans of oil refineries. 
In addition, the manufacturing sector should prepare for the possibility of countries adopting green regulations that will make it difficult to export products that can be produced using renewable energy and produced in Israel using polluting energy. The many investments, in Israel and in the world, which are needed to adopt energy-efficient and non-polluting technologies in the fields of transportation, construction, etc., also create an opportunity for investment in technological innovation in the industry. 
A major incentive for energy efficiency and the transition to renewable energy among the various economic players is the relative price of the polluting energy. The carbon tax internalizes the negative externalities created by GHG emissions and therefore is found to be the first best solution to mitigate GHG emissions globally and locally.  Therefore, we recommend accompanying the policies proposed above by adoption of carbon tax, combined with the provision of subsidies for the use of non-polluting capital. Carbon tax levied on budget-neutral basis does not increase the tax burden and may lead to double dividend in terms of improved environmental and economic performances . 
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																		2030		20.348695755		74.6186673336		446.03				745.2887006796		17.800914796		0.0399096805		0.167295176		6.4762625771		11.522																		48%		0.0349211738		15.5395731305		1.3487021348		2030		16.5296783447		60.6143304901		444.99		0.1362150396		2030		12.3223733902		45.1861432219		443.48		14.5964264305		1.2668450621		0.0329133815

																		2035		21.1488571167		77.5528590469		528.49				807.4545749069		19.285721193		0.0364921213		0.1467442318		6.0778613572		12.760																		58%		0.0298829116		15.7677182921		1.2357249865		2035		15.1273603439		55.4720303812		527.65		0.1051303523		2035		10.120221138		37.110850913		525.8		14.6258533413		1.1462363855		0.0278163814

																		2040		22.3341217041		81.8992242889		625.71				880.2910966336		21.0253916269		0.0336024542		0.1308900677		5.7842353983		14.159																		65%		0.0268341207		16.7697153927		1.184382175		2040		11.836979866		43.4062051687		624.94		0.0694565961		2040		7.6077842712		27.8977449226		622.85		15.7257278529		1.1106492461		0.0252480177

																		2045		23.6697559357		86.7969950161		739.72				937.9898387006		22.4035024052		0.030286463		0.1173376345		5.5062926749		15.763																		69%		0.0247418327		18.2906472234		1.160335756		2045		8.6260156631		31.6315994368		739.26		0.0427881928		2045		5.4750819206		20.0771254029		736.96		17.1780155928		1.0897517986		0.0233092917

																		2050		24.3069610596		89.1336262054		873.05		48.56%		998.2736956712		23.8433575922		0.0273104147		0.1020945263		5.0634360291		17.603																		70%		0.0233483445		20.3793690309		1.1576958752		2050		6.4606337547		23.6911439786		872.84		0.0271425966		2050		4.9857521057		18.2827529716		870.22		19.3645615432		1.1000474544		0.0222524896

																		total growth2015-50				30.75%		224.51%				61.77%		61.77%		-41.26%		-56.86%		-36.75%		87.83%																						40.56%		-25.17%						-65.25%		224.43%		-29%						-73.18%		223.45%		35.15%		-28.05%		-50.87%

																																																																				-60.51%		-0.024%		2515.8291071031						-70%		-0.324%



RACHEL:
ambitious policy scenario: 100% EV+SCC tax

RACHEL:
energy prices+30% RE+60% EV+high pop & GDP growth

RACHEL:
ambitious policy scenario: 100% EV+SCC tax

RACHEL:
mil USD PPP2015



Scenarios

		



Baseline 1 GHGs

Baseline 1 GDP

Policy GHGs

Policy GDP

GDP_AmbPol

GDP_AmbPol

Mil ton CO2eq

Bil USD PPP 2015

GDP and Emissions Baseline I and Policies



Data for Nathan

		



פליטות עסקים כרגיל

תמ"ג עסקים כרגיל

פליטות מדיניות מתון

תמ"ג מדיניות מתון

פליטות מדיניות שאפתני

תמ"ג מדיניות שאפתני

Mil ton CO2eq

דולר אמריקאי PPP (מליארד, 2015)

שינוי בתמ"ג ובפליטות פחמן במצב עסקים כרגיל לעומת יישום תכנית 2050 מתונה או שאפתנית



Baseline

		Baseline LOW GDP and POPulation growth

		Year		Total Emissions (million carbon tons) Base		GHGs		Population (millions)		GDP Bill $ 2015 PPP		Final energy MTOE		Energy intensity TFC in MTOE/GDP (2015 PPP)		TPES in MTOE/capita		Energy intensity TPES in MTOE/GDP (2015 PPP)		TPES in MTOE

		2015				68.171		8.5		269						19.45		2.71		22.69

		2020		21.13		77.48371		9.2978		317		15.203594968		0.0479608674		18.23		2.63

		2025		21.19		77.70373		10.1883		363		16.880949231		0.0465039924

		2030		21.23		77.85041		11.1311		412		18.2610096972		0.0443228391

		2035		21.96		80.52732		12.1334		465		19.3287324103		0.0415671665

		2040		22.81		83.64427		13.2231		521		20.5383891642		0.0394210924

		2045		23.63		86.65121		14.4059		581		21.7409710638		0.0374199158

		2050		24.16		88.59472		15.6735		644		22.3956512757		0.034775856



RACHEL:
2017

RACHEL:
cbs data for 2017



sum table

		Year		Total Emissions (million carbon tons) Base		GHGs_base		GDPbase		Population (millions)		GDP/CapitaBase_I		GHG/CapitaBase_I		GDP growth from 2015		GHG growth from 2015		GDP per capita growth from 2015		GHG per capita growth from 2015

		2015				68.171		269		8.5		31647.0588235294		8.0201176471

		2020		21.13		77.48371		317		9.2978		34094.0867732152		8.3335530986		18%		14%		8%		4%

		2025		21.19		77.70373		363		10.1883		35629.1039722034		7.6267610887		35%		14%		13%		-5%

		2030		21.23		77.85041		412		11.1311		37013.4128702464		6.9939547754		53%		14%		17%		-13%

		2035		21.96		80.52732		465		12.1334		38323.9652529382		6.6368305669		73%		18%		21%		-17%

		2040		22.81		83.64427		521		13.2231		39400.7456647836		6.325617291		94%		23%		25%		-21%

		2045		23.63		86.65121		581		14.4059		40330.6978390798		6.0149806676		116%		27%		27%		-25%

		2050		24.16		88.59472		644		15.6735		41088.4614157655		5.6525166683		139%		30%		30%		-30%

		Baseline 2

		Year		Total Emissions (million carbon tons) Base		GHGsBase_II		GDP_Base_II		in 2005		final energy (PJ)		final energy (MTOE) PJ*0.2388		energy intensity (TFES in MTOE/GDP)		GHGs/GDP		GHG/CapitaBase_II		population (high CBS 2017)		GDP/CapitaBase_II

		2015				68.171		269.04		60										8.0548006711		8.463		31,788.64

		2020		20.4592952728		75.0242357655		317.03				617.1008781191		14.7392012544		0.0464915032		0.2366471178		8.0052062439		9.372		33,827.61

		2025		21.4483318329		78.6510328312		376.14				678.2075229519		16.1987083919		0.0430656362		0.2091004223		7.5655819046		10.396		36,181.57

		2030		20.348695755		74.6186673336		446.03				745.2887006796		17.800914796		0.0399096805		0.167295176		6.4762625771		11.522		38,711.59

		2035		21.1488571167		77.5528590469		528.49				807.4545749069		19.285721193		0.0364921213		0.1467442318		6.0778613572		12.760		41,418.06

		2040		22.3341217041		81.8992242889		625.71				880.2910966336		21.0253916269		0.0336024542		0.1308900677		5.7842353983		14.159		44,191.55

		2045		23.6697559357		86.7969950161		739.72				937.9898387006		22.4035024052		0.030286463		0.1173376345		5.5062926749		15.763		46,926.91

		2050		24.3069610596		89.1336262054		873.05		48.56%		998.2736956712		23.8433575922		0.0273104147		0.1020945263		5.0634360291		17.603		49,595.57

		total growth2015-50				30.75%		224.51%				61.77%		61.77%		-41.26%		-56.86%		-37.14%		107.99%		56.02%



RACHEL:
energy prices+30% RE+60% EV+high pop & GDP growth



sum table

		



GHGs_base

GDPbase

GDP_Base_II

GHGsBase_II

Mil  ton CO2 eq

Bil USD 2015



Final energy(PJ)

		



GHG/CapitaBase_I

GDP/CapitaBase_I

GDP/CapitaBase_II

GHG/CapitaBase_II

ton CO2 eq

USD



power generation(TWh)

		



GHGsBase_II

GDP_Base_II

Mil  ton CO2 eq

Bil USD 2015



Transport(PJ)

				Emissions in 2050 vs 2005		GDP vs projection

		Baseline Scenario I		48%		-

		Policy Scenario		-66%		-0.31%

		Ambitious Policy Scenario		-92%		-0.62%

		Baseline Scenario II		49%		-

		Policy Scenario		-61%		-0.02%

		Ambitious Policy Scenario		-73%		-0.32%





resid-com

						תעשייה		תחבורה		משקי בית		אחר		Total

		BASELINE_I

				2020		167.6954387677		254.2836258459		137.4147389603				559.3938035738

				2025		190.1948428355		280.6525501621		147.7114665985				618.5588595961

				2030		212.6647237548		295.5291339197		156.4360648956				664.6299225701

				2035		224.7880978553		308.1826138458		164.1953586044				697.1660703056

				2040		245.4870654173		318.5861361895		170.4110341415				734.4842357483

				2045		271.2342775844		325.8655200748		174.0505089798				771.1503066391

				2050		279.161786582		329.6079569263		175.2355270157				784.005270524

		POLICY

				2020		150.9865666519		247.36654368		132.766756691				531.1198670229

				2025		147.7117274058		243.0791244149		139.9171504669				530.7080022876

				2030		159.1042634813		208.7195928926		144.8918683319				512.7157247059

				2035		174.0059734354		159.5401658363		151.962457901				485.5085971727

				2040		192.784402741		140.3464119873		156.5538088074				489.6846235356

				2045		211.627591198		124.1039321244		158.9104765091				494.6419998314

				2050		229.994487299		123.5601301575		159.2780540543				512.8326715107

		AmbPol

				2020		147.6020989251		239.7257156847		132.3938859329				519.7217005427

				2025		139.3141133891		226.9733813424		136.3028033524				502.5902980839

				2030		147.911997179		189.838751325		139.7043993988				477.4551479028

				2035		159.128271261		148.1731716042		147.6377977066				454.9392405717

				2040		174.1051018167		131.486998415		153.18365625				458.7757564816

				2045		192.0579496851		117.2201934637		156.368260643				465.6464037918

				2050		211.4506376319		121.1496280746		157.326241951				489.9265076576

						industry		תחבורה		ResidComm		NonEnergyUse		Total

		עסקים כרגיל

				2020		145.6644419825		254.2409899359		141.0539882355		75.7735380135		616.7329581674

				2025		149.2074910843		284.35658511		158.1079983673		86.1675284386		677.8396030002

				2030		164.8484674852		306.0620370844		176.0775689163		97.932707242		744.9207807279

				2035		183.5290865436		316.1976318787		196.1481991196		111.2117374134		807.0866549552

				2040		208.0173584944		325.2255316504		220.4612492294		126.2190373077		879.923176682

				2045		230.7936134799		317.098510021		246.7248934021		143.0049018459		937.6219187489

				2050		256.9782358675		293.7728922346		274.7734480591		161.6950147591		987.2195909203

		מדיניות הפחתה מתונה

				2020		142.4412127368		250.1215686203		139.1770781021		74.9274359779		606.6672954372

				2025		145.1232567819		251.819915995		155.3070466461		83.8811724987		636.1313919217

				2030		159.3617990355		225.9794100401		171.3156622696		93.58605653		650.2429278753

				2035		176.9097637857		186.5175883012		191.4410742188		104.9264831944		659.7949095

				2040		200.2206973882		168.3132000389		214.949270256		118.2633564252		701.7465241083

				2045		223.9563455947		164.3668194165		243.8334157104		133.2683172777		765.4248979994

				2050		252.6855371348		175.7863970947		274.4349831848		149.9685852204		852.8755026348

		AmbPol

				2020		143.53802142		245.3675867554		137.3361076813		73.292667778		599.5343836346

				2025		137.3061263099		240.1510883277		149.9600595245		79.8711013298		607.288375492

				2030		149.4611474827		209.3818403664		164.890167984		87.0221060057		610.7552618388

				2035		163.4864895099		168.7182436066		183.7605170517		96.0220575757		611.9873077439

				2040		184.0567884192		160.1303778706		207.0018720016		106.8478155032		658.0368537945

				2045		206.426427034		157.2462775004		235.8986189117		119.2699134407		718.8412368868

				2050		229.5090339993		171.2942037048		265.8982939453		133.2740479889		799.9755796383





resid-com

		



תעשייה

תחבורה

משקי בית

Final Energy (PJ)



industry

		



תחבורה

תעשייה

משקי בית

אחר

צריכת אנרגיה סופית (PJ)



installed capacity GW

		power generation TWh				gas		coal		oil		solar		wind		bio				Total TWh

		BASELINE_I

				2015		33.2179224491		29.1611652374		0.4187279862		1.1151479483		0.0070079998		0				63.9199716209

				2020		50.7246337235		18.7538204193		0		3.0160031319		0		0.0395620867				72.5340193613

				2025		55.5162405819		11.642868042		0		10.0517787933		0		0.1104917361				77.3213791533

				2030		60.5308003426		7.8200221062		0		14.0254325867		0		0.1262900056				82.502545041

				2035		67.3198746145		4.8619766235		2.1569093263		15.2529239655		0		0.1314000032				89.723084533

				2040		78.8243027329		2.5730974674		0		16.6986713409		0		0.1314000032				98.2274715445

				2045		84.3999572471		0.8020063639		0		17.4779167175		0		0.131400018				102.8112803465

				2050		87.5165020265		0		0		17.9519805908		0		0.131400018				105.5998826353

		POLICY

				2015		33.2179224491		29.1611652374		0.4187279862		1.1151479483		0.0070079998		0				63.9199716209

				2020		55.261215747		9.5157356262		0		5.2470583916		0.0084434971		0.0660602063				70.0985134682

				2025		60.6128111619		4.4946141243		0		11.5691328049		0		0.1262900056				76.8028480966

				2030		63.7332901835		0.1566407145		0		21.3368148804		0		0.1205168142				85.3472625926

				2035		49.7094208676		0.1566407145		0		56.0148963928		0		0.1212993651				106.0022573399

				2040		44.7616624534		0.048456078		0		73.1762542725		0		0.1051200026				118.0914928064

				2045		43.5176793393		0		0		84.5895233154		0		0.1051200026				128.2123226573

				2050		21.6336680281		0		0		123.1864852905		0		0.1051200026				144.9252733212

		AmbPol

				2015		33.2179224491		29.1611652374		0.4187279862		1.1151479483		0.0070079998		0				63.9199716209

				2020		54.1923566467		9.5157356262		0		5.2470583916		0.0084434971		0.0620996436				69.0256938052

				2025		49.967370047		4.4946141243		0		20.4802684784		0		0.1262900056				75.0685426552

				2030		45.7437411308		0.1613869252		1.6863923764		36.3074569702		0		0.1205168142				84.0194942169

				2035		32.3648498142		0.1613869252		0		79.6329574585		0		0.0699768085				112.2291710064

				2040		25.9748319036		0		0		106.2009811401		0		0.1051200026				132.2809330463

				2045		24.4452154854		0		0		118.0704956055		0		0.1051200026				142.6208310934

				2050		21.8009468354		0		0		124.1343994141		0		0.1051200026				146.0404662521

						gas		coal		oil		solar		wind						Total TWh

		עסקים כרגיל

				2015		33.2179224491		29.1611652374		0.4187279862		1.1151479483		0.0070079998						63.9199716209

				2020		45.817079097		23.0644664764		0		5.2470579147		0.0084434971						74.1370469853

				2025		55.9148686379		14.9783639908		0		10.5944404602		0						81.4876730889

				2030		53.1146740913		10.4009637833		0		27.2244319916		0						90.7400698662

				2035		66.1034488082		6.8590607643		0		31.2730922699		0						104.2356018424

				2040		80.5987244248		4.1184029579		0		36.3107795715		0						121.0279069543

				2045		99.4188247398		0		0		42.6115112305		0						142.0303359702

				2050		115.7047268189		0		0		49.5911827087		0						165.2959095277

		מדיניות הפחתה מתונה

				2015		33.2179224491		29.1611652374		0.4187279862		1.1151479483		0.0070079998						63.9199716209

				2020		50.0069418886		17.9594967532		0		5.2470579147		0.0084434971						73.2219400537

				2025		59.8516101688		12.8938129735		0		10.8712053299		0						83.6166284722

				2030		66.6739954627		0		0		31.027715683		0						97.7017111456

				2035		82.2537857556		0		0		41.0922622681		0						123.3460480237

				2040		74.5290968204		0		0		74.5266189575		0						149.0557157779

				2045		64.1931389621		0		0		117.0043182373		0						181.1974571994

				2050		34.2416836061		0		0		194.0726470947		0						228.3143307008

		AmbPol

				2015		33.2179224491		29.1611652374		0.4187279862		1.1151479483		0.0070079998						63.9199716209

				2020		49.2192488649		17.3164603591		0		5.2470579147		0.0084434971						71.7912106359

				2025		47.6515994558		12.2953388572		0		20.4802684784		0						80.4272067913

				2030		38.2333330637		0		1.6863923764		60.6736755371		0						100.5934009773

				2035		43.5644051099		0		0		83.6898422241		0						127.254247334

				2040		42.2436873698		0		0		116.9072647095		0						159.1509520793

				2045		34.2509419683		0		0		163.2857971191		0						197.5367390874

				2050		23.5054127015		0		0		206.6739044189		0						230.1793171205

														CBS&IEC		BASELINE_II		Policy		AmbPol

												2015		64.2747		63.9199716209		63.9199716209		63.9199716209

												2020		69.0041		74.1370469853		73.2219400537		71.7912106359

												2025		80.4052		81.4876730889		83.6166284722		80.4272067913

												2030		92.1368		90.7400698662		97.7017111456		100.5934009773

												2035		105.741		104.2356018424		123.3460480237		127.254247334

												2040		121.5564		121.0279069543		149.0557157779		159.1509520793

												2045		139.9908		142.0303359702		181.1974571994		197.5367390874

												2050		161.541		165.2959095277		228.3143307008		230.1793171205
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carbon tax

		energy use in transport TWh				electr		biofuel		gas		lightoil		synthetic fuel		Total TWh

		BASELINE_I

				2015		0		0		0		236.4379882813		0		236.4379882813

				2020		4.6111774285		0		6.6084733808		243.0639648438		0		254.283615653

				2025		4.8388372743		0		4.843618741		270.9700927734		0		280.6525487888

				2030		10.5546119928		0		0		284.9745178223		0		295.5291298151

				2035		17.1212579956		0		0		291.061340332		0		308.1825983276

				2040		24.5066264391		0		0		294.079498291		0		318.5861247301

				2045		32.5865523834		0		20.8218115482		272.4571533203		0		325.865517252

				2050		41.2009969654		0		0		288.4069519043		0		329.6079488697

		POLICY

				2015		0		0		0		236.4379882813		0		236.4379882813

				2020		4.6111774445		0		13.1612195969		229.5941467285		0		247.3665437698

				2025		15.515458107		0		41.1039085388		186.4597473145		0		243.0791139603

				2030		37.5955085754		11.2207841873		21.0971660614		127.5853424072		11.2207841873		208.7195854187

				2035		79.7579498291		0		0		79.7822113037		0		159.5401611328

				2040		99.800567627		0		0		40.5458450317		0		140.3464126587

				2045		116.4866943359		0		0		7.6172332764		0		124.1039276123

				2050		123.5601272583		0		0		0		0		123.5601272583

		AmbPol

				2015		0		0		0		236.4379882813		0		236.4379882813

				2020		4.6111774445		0		13.1612195969		221.8639221191		0		239.6363191605

				2025		15.515458107		0		41.1039085388		170.2899017334		0		226.9092683792

				2030		40.4239501953		0.595900774		21.0971660614		115.0734176636		12.6086025238		189.7990372181

				2035		78.0387802124		0		0		70.1007232666		0		148.139503479

				2040		98.4100189209		0		0		33.0544929504		0		131.4645118713

				2045		115.3866424561		0		0		1.8205686808		0		117.2072111368

				2050		121.1565551758		0		0		0		0		121.1565551758

		energy use in transport TWh				electr		biofuel		gas		lightoil		synthetic fuel		Total TWh

		BASELINE_II

				2015		0		0		0		236.4379882813		0		236.4379882813

				2020		4.6111774285		0.2518465193		0		249.3779602051		0		254.2409841529

				2025		4.9048713269		0.2518465193		0		279.1998596191		0		284.3565774654

				2030		10.9352853527		0.2518465193		0		294.8749084473		0		306.0620403193

				2035		24.3325819902		0.2518465193		0		291.6131896973		0		316.1976182068

				2040		40.6689350853		0.2518465193		0		284.3047485352		0		325.2255301398

				2045		67.9766655006		0.2518465193		0		248.8699951172		0		317.0985071371

				2050		100.8152845917		0.2518465193		10.6851161942		182.0195770264		0		293.7718243316

		POLICY

				2015		0		0		0		236.4379882813		0		236.4379882813

				2020		4.6111774285		0.2518465193		13.1612195306		232.0973205566		0		250.121564035

				2025		15.5154586701		0.2518465193		41.1039108696		194.9486999512		0		251.8199160102

				2030		40.4239510574		4.3606501887		35.8201001987		134.1539154053		11.2207841873		225.9794010375

				2035		89.0096454163		0		12.6430861688		84.8648529053		0		186.5175844903

				2040		123.8345050507		0		0		44.4786949158		0		168.3131999664

				2045		153.7064211731		0		0		10.6603975296		0		164.3668187027

				2050		175.7863970947		0		0		0		0		175.7863970947

		AmbPol

				2015		0		0		0		236.4379882813		0		236.4379882813

				2020		4.6111774285		0.2518465193		13.1612195306		227.3433380127		0		245.3675814911

				2025		15.5154586701		0.2518465193		41.1039108696		183.2798614502		0		240.1510775092

				2030		40.4239510574		11.720368824		21.097165761		125.1248092651		11.0155463247		209.3818412323

				2035		90.8399467049		0		0		77.8782958984		0		168.7182426033

				2040		121.0577487259		0		0		39.0726280212		0		160.1303767471

				2045		150.7689887695		0		0		6.477288723		0		157.2462774925

				2050		171.2942037048		0		0		0		0		171.2942037048
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		energy use in resid-comm TWh				biomass		light_oil		electricity				Total TWh

		BASELINE_I

				2015		0.1858371377		10.8790609431		125.9774475098				137.0423455905

				2020		0.1858371377		0		137.4147338867				137.6005710244

				2025		0.1858371377		0		147.7114562988				147.8972934365

				2030		0.1858371377		0		156.4360656738				156.6219028115

				2035		0		0		164.1953582764				164.1953582764

				2040		0		0		170.411026001				170.411026001

				2045		0		0		174.0505065918				174.0505065918

				2050		0		0		175.2355194092				175.2355194092

		POLICY

				2015		0.1858371377		10.8790609431		125.9774475098				137.0423455905

				2020		0.1858371377		0		132.7667541504				132.952591288

				2025		0.1858371377		0		139.9171447754				140.102981913

				2030		0.1858371377		0		144.8918609619				145.0776980996

				2035		0		0		151.9624481201				151.9624481201

				2040		0		0		156.5538024902				156.5538024902

				2045		0		0		158.9104766846				158.9104766846

				2050		0		0		159.2780456543				159.2780456543

		AmbPol

				2015		0.1858371377		10.8790609431		125.9774475098				137.0423455905

				2020		0.1858371377		0		130.5300140381				130.7158511757

				2025		0.1858371377		0		134.9183807373				135.104217875

				2030		0.1858371377		0		138.7276611328				138.9134982705

				2035		0		0		146.9417266846				146.9417266846

				2040		0		0		152.6934051514				152.6934051514

				2045		0		0		156.0273590088				156.0273590088

				2050		0		0		157.0941009521				157.0941009521

		energy use in resid-comm TWh				biomass		light_oil		electricity				Total TWh

		BASELINE_II

				2015		0.1858371377		10.8790609431		125.9774475098				137.0423455905

				2020		0.3679199517		0		141.0539855957				141.4219055474

				2025		0.3679199517		0		158.108001709				158.4759216607

				2030		0.3679199517		0		176.0775604248				176.4454803765

				2035		0.3679199517		0		196.1481933594				196.5161133111

				2040		0.3679199517		0		220.4612426758				220.8291626275

				2045		0.3679199517		0		246.7248840332				247.0928039849

				2050		0.3679199517		0		274.7734375				275.1413574517

		POLICY

				2015		0.1858371377		10.8790609431		125.9774475098				137.0423455905

				2020		0.3679199517		0		139.1770782471				139.5449981987

				2025		0.3679199517		0		155.3070373535				155.6749573052

				2030		0.3679199517		0		171.3156585693				171.683578521

				2035		0.3679199517		0		191.4410705566				191.8089905083

				2040		0.3679199517		0		214.9492645264				215.317184478

				2045		0.3679199517		0		243.833404541				244.2013244927

				2050		0.3679199517		0		274.434967041				274.8028869927

		AmbPol

				2015		0.1858371377		10.8790609431		125.9774475098				137.0423455905

				2020		0.3679199517		0		137.3361053467				137.7040252984

				2025		0.3679199517		0		149.9600524902				150.3279724419

				2030		0.3679199517		0		164.8901672363				165.258087188

				2035		0.3679199517		0		183.7605133057				184.1284332573

				2040		0.3679199517		0		207.0018615723				207.3697815239

				2045		0.3679199517		0		235.8986206055				236.2665405571

				2050		0.3679199517		0		265.8982849121				266.2662048638
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		energy use in industry PJ				biomass		electr		biofuel		fueloil		gas		lightoil		synthetic fuel		Total PJ		Volker: change methanol to synthetic fuel (it is just called methanol in the model for historical reasons) and ethanol to biofuel.

		BASELINE_I

				2015		0		65.7714767456		0		20.9862442017		41.5788230896		17.8758296967		0		146.2123737335

				2020		0		74.7057266235		1.240793669		31.2312545776		33.9152526855		26.6024055481		0		167.6954331038

				2025		0		83.5232849121		3.4653747035		29.1642723083		35.6801071167		38.3617973328		0		190.1948363734

				2030		0		90.5162506104		6.2649201801		19.5068302155		40.989692688		53.3787574768		2.0082656003		212.664716771

				2035		0		100.0131225586		4.9171847198		12.8284244537		40.989692688		60.7359008789		5.3037692413		224.7880945404

				2040		0		114.4988632202		0		0		40.989692688		84.6668701172		5.3316356764		245.4870617018

				2045		0		118.6921615601		3.2055349993		0		20.167881012		118.3089065552		10.8597875204		271.2342716469

				2050		0		119.2443771362		8.2654289961		0		17.5610389709		114.8368377686		19.2540976038		279.1617804756

		POLICY																		0

				2015		0		65.7714767456		0		20.9862442017		41.5788230896		17.8758296967		0		146.2123737335

				2020		0		72.076423645		1.574906826		31.2312545776		28.6814517975		17.4225311279		0		150.9865679741

				2025		0		79.0578384399		3.9608588219		13.1431179047		37.4924736023		14.0574359894		0		147.7117247581

				2030		0		83.0705413818		7.8550605774		1.1800550222		51.365436554		13.6248998642		2.0082654953		159.1042588949

				2035		0		90.4515609741		13.8153772354		0		65.365447998		4.3735775948		0		174.0059638023

				2040		0		94.0678024292		22.5813617706		0		70.0383911133		6.0968413353		0		192.7843966484

				2045		0		94.3439865112		35.6240005493		0		70.0383911133		11.6212053299		0		211.6275835037

				2050		0		98.490524292		42.9779205322		0		66.1048049927		22.4212265015		0		229.9944763184

		AmbPol																		0

				2015		0		65.7714767456		0		20.9862442017		41.5788230896		17.8758296967		0		146.2123737335

				2020		0		71.1075592041		1.4506908655		31.2312545776		28.6814517975		14.1857862473		0		146.656742692

				2025		0		78.7614898682		0.6110220551		16.8573989868		30.4927310944		11.8568964005		0		138.5795384049

				2030		0		82.2620544434		14.9576435089		0		40.8970718384		7.2705435753		2.0082654953		147.3955788612

				2035		3.1628875732		93.0183410645		41.938243866		0		19.2395782471		1.4104098082		0		158.7694605589

				2040		0		102.3011245728		71.5852508545		0		0		0		0		173.8863754272

				2045		0		105.9350509644		86.0342025757		0		0		0		0		191.96925354

				2050		0		105.600227356		105.1475372314		0		0.7181679606		0		0		211.465932548

		energy use in industry PJ				biomass		electr		biofuel		fueloil		gas		lightoil		synthetic fuel		Total PJ

		BASELINE_II

				2015		0		65.7714767456		0		20.9862442017		41.5788230896		17.8758296967		0		146.2123737335

				2020		0		75.8803024292		0		5.6280846596		60.8558349609		3.3002159595		0		145.6644380093

				2025		0		85.8055419922		0		1.0966290236		60.8558349609		1.4494813681		0		149.2074873447

				2030		0		96.2300949097		0		1.525911212		64.9105987549		2.1818521023		0		164.8484569788

				2035		0		106.378616333		0		1.4829277992		72.2596740723		3.4078695774		0		183.5290877819

				2040		0		120.1329956055		0		1.4399443865		81.2199401855		5.2244725227		0		208.0173527002

				2045		0		134.7553100586		0		0		88.7379150391		7.3003954887		0		230.7936205864

				2050		0		149.9435577393		0		0		99.0767059326		7.9579687119		0		256.9782323837

		POLICY																		0

				2015		0		65.7714767456		0		20.9862442017		41.5788230896		17.8758296967		0		146.2123737335

				2020		0		75.0228805542		0		5.6280846596		58.4900360107		3.3002159595		0		142.4412171841

				2025		0		84.4959182739		0		0		58.1568260193		2.470511198		0		145.1232554913

				2030		0		92.399055481		0		0		63.4406280518		3.5221049786		0		159.3617885113

				2035		0		103.8046798706		0.2518465193		0		68.5180282593		4.335211277		0		176.9097659262

				2040		0		117.1106033325		0.2518464899		0		76.8470535278		6.0111923218		0		200.2206956721

				2045		0		133.2116241455		0.2518465193		0		83.8383560181		6.6545100212		0		223.9563367041

				2050		0		150.0121154785		0.2488483223		0		95.0704193115		7.3541498184		0		252.6855329308

		AmbPol

				2015		0		65.7714767456		0		20.9862442017		41.5788230896		17.8758296967		0		146.2123737335

				2020		0		72.5888366699		0		5.6280846596		62.0208816528		3.3002159595		0		143.5380189419

				2025		0		80.1051254272		0		0.0078245085		54.8898925781		2.3032753468		0		137.3061178606

				2030		0		89.1700363159		0		0		57.0862007141		3.2049064636		0		149.4611434937

				2035		3.1628875732		100.3614120483		0.2518465193		0		59.0460929871		3.8271334171		0		166.6493725451

				2040		0		115.4761123657		0.2518464899		0		63.0807647705		5.2480554581		0		184.0567790842

				2045		0		134.8256072998		0.2518465193		0		65.5591430664		5.7898311615		0		206.426428047

				2050		0		152.0182037354		0.2518465193		0		60.4196815491		6.4073457718		10.4119631009		229.5090406764
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		installed capacity Power GW				coal_ppl		gas_cc		gas_cc_ccs		gas_ct		gas_ppl		solar_pv_ppl		storage				Total GW

		BASELINE_II																				17,837

				2020		3.4000000954		6.2576403618		0		1.6297357082		0.8152999878		2.9983189106		0				15.1009950638		16500

				2025		3.4000000954		7.3602604866		0		1.6309298277		0.2674171329		6.0539660454		0				18.7125735879

				2030		3.4000000954		8.2228679657		0		1.6324539185		0.2674171329		15.8397064209		0				29.3624455333		23200

				2035		2.25		9.6849536896		1.6168048382		1.6343989372		0.2674171329		18.2934398651		0				33.7470144629

				2040		1.1000000238		13.8098716736		1.6168048382		0.822481513		0.2674171329		21.3465862274		0				38.9631614089

				2045		0		18.4467487335		1.6565355062		0.0112498663		0.2674171329		25.1652088165		0				45.5471600555

				2050		0		21.9795761108		1.6565355062		0.0103142299		0		29.3953132629		0				53.0417391099

		POLICY

				2020		2.4119656086		6.7958350182		0		1.8773646355		0.8152999878		2.9983189106		0				14.8987841606

				2025		1.7376275659		8.6163873672		0		1.9565322399		0.8152999878		6.212117672		0				19.3379648328

				2030		1.1339995861		10.3599843979		0.2384174168		2.1892576218		0.8152999878		18.1447277069		0				32.8816867173

				2035		1.1339995861		12.3526277542		1.7051986456		2.4876182079		0.8152999878		24.2444515228		0				42.7391957045

				2040		1.1339995861		16.3359527588		1.7051986456		2.0540103912		0.8152999878		44.5077018738		2.2251250744				68.7772883177

				2045		0		20.7447929382		3.954688549		1.7256085873		0		70.2517547607		9.584438324				106.2612831593

				2050		0		27.1473789215		3.954688549		2.202362299		0		118.8596496582		32.1037025452				184.2677819729

		AmbPol

				2020		2.4057683945		6.6749825478		0		1.7347836494		0.8152999878		2.9983189106		0				14.6291534901

				2025		1.6512675881		8.0068359375		0		1.6309298277		0.8152999878		11.7523336411		0				23.8566669822

				2030		1.0476396084		10.7079954147		0.5443254709		1.6324539185		0.8152999878		36.1119728088		3.9255700111				54.7852572203

				2035		1.0476396084		13.6002492905		1.7051986456		1.6343989372		0.8152999878		50.061164856		6.2759189606				75.139870286

				2040		1.0476396084		18.7355480194		1.7051986456		0.822481513		0.8152999878		70.1929397583		15.0275173187				108.3466248512

				2045		0		24.9996528625		3.2469696999		0.0112498663		0		98.9971618652		27.1781406403				154.4331749342

				2050		0		29.6691741943		3.2469696999		0.0103142299		0		126.9894943237		38.2189712524				198.1349237002

		installed NEW capacity Power GW				coal_ppl		gas_cc		gas_cc_ccs		gas_ct		gas_ppl		solar_pv_ppl		storage				total GW

		BASELINE_II

				2015		0		0.5562000275		0		0.1628800035		0.0142400004		0.1270000041		0				0.8603200354

				2020		0.2762815654		0.1369280666		0		0.0001871273		0.1488199979		0.4715421498		0				1.033758907

				2025		0.1837184578		0.2205240279		0		0.0002388271		0		0.6111294627		0				1.0156107756

				2030		0.2199999988		0.3551561534		0		0.0003048107		0		1.9571479559		0				2.5326089188

				2035		0		0.5719825625		0.3233609796		0.0003890242		0		0.4907667637		0				1.38649933

				2040		0		0.9211835861		0		0.0004965045		0		0.611730814		0				1.5334109046

				2045		0		1.4835754633		0.0079461448		0.0006336795		0		0.8907247186		0				2.3828800062

				2050		0		0.843493402		0		0		0		1.3175630569		0				2.161056459

		POLICY

				2015		0		0.5562000275		0		0.1628800035		0.0142400004		0.1270000041		0				0.8603200354

				2020		0		0.2445669472		0		0.028703317		0.1488199979		0.4715421498		0				0.893632412

				2025		0		0.3641105592		0		0.0366335139		0		0.6427597404		0				1.0435038134

				2030		0		0.4687193036		0.0476834849		0.0467546806		0		2.3865220547		0				2.9496795237

				2035		0		0.7407287359		0.2933562398		0.0596721359		0		1.2199647427		0				2.3137218542

				2040		0		0.8928649426		0		0.0761584491		0		4.0537514687		0.4450250268				5.0227748603

				2045		0		1.4379678965		0.4498979449		0.0971996188		0		5.2758116722		1.4718626738				7.2608771324

				2050		0		1.5250843763		0		0.1240540817		0		10.1931209564		4.5038523674				11.8422594145

		AmbPol				coal_ppl		gas_cc		gas_cc_ccs		gas_ct		gas_ppl		solar_pv_ppl		storage

				2015		0		0.5562000275		0		0.1628800035		0.0142400004		0.1270000041		0				0.8603200354

				2020		0.2095279098		0.2203964889		0		0.0001871273		0.1488199979		0.4715421498		0				1.0504736737

				2025		0		0.3549507558		0		0.0002388271		0		1.750803113		0				2.105992696

				2030		0		0.5716517568		0.1088650972		0.0003048107		0		4.871928215		0.7851139903				6.3378638699

				2035		0		0.9206508398		0.2321746349		0.0003890242		0		2.7898583412		0.4700697362				4.4131425764

				2040		0		1.1232596636		0		0.0004965045		0		4.0274562836		1.7503197193				6.9015321709

				2045		0		1.8090208769		0.3083541989		0.0006336795		0		5.8878455162		2.4301245213				10.4359787928

				2050		0		1.1543008089		0		0		0		6.0700073242		2.2081661224				9.4324742556



RACHEL:
Overall installed capacity in 2017 totaled 17,837 MW, including Israel Electric Corporation Limited (“IEC”), and Independent Power Producers (“IPPs”. In 2017



		electricity use by final users				Transport		industry		ResidComm		Storage

		BASELINE_I

				2015		0		18.2698554993		34.9937362671		0

				2020		1.280882619		20.7515926361		38.1707611084		0

				2025		1.3441214651		23.2009143829		41.0309638977		0

				2030		2.9318366647		25.1434059143		43.4544639587		0

				2035		4.7559049988		27.7814235687		45.6098213196		0

				2040		6.8073962331		31.8052406311		47.3363990784		0

				2045		9.0518201065		32.9700469971		48.347366333		0

				2050		11.4447213793		33.1234397888		48.6765365601		0

		POLICY

				2015		0		18.2698554993		34.9937362671		0

				2020		1.280882597		20.0058288574		36.8796539307		0

				2025		4.3098497391		21.9187374115		38.8658752441		0

				2030		10.4431972504		23.0257663727		40.2477416992		0

				2035		22.1549873352		25.0914516449		42.2117958069		2.4497361183

				2040		27.7223796844		26.0965614319		43.4871711731		5.3275017738

				2045		32.3574180603		26.1489124298		44.1417999268		8.9422140121

				2050		34.3222579956		27.2873001099		44.2439041138		22.5416507721

		AmbPol

				2015		0		18.2698554993		34.9937362671		0

				2020		1.280882597		19.7521002162		36.2583389282		0

				2025		4.3098497391		21.8781919079		37.4773292542		0

				2030		11.2288751602		22.8505705418		38.5354652405		0

				2035		21.6774406433		25.8384295795		40.8171463013		10.0075616837

				2040		27.3361186981		28.4169819355		42.4148368835		18.1917743683

				2045		32.0518455505		29.4264057875		43.3409347534		20.3904933929

				2050		33.6546020508		29.3333980227		43.6372528076		22.5239105225

		electricity use by final users				Transport		industry		ResidComm		Storage				total

		BASELINE_II

				2015		0		18.2698554993		34.9937362671		0				53.2635917664

				2020		1.280882619		21.0778640803		39.1816635132		0				61.5404102125

				2025		1.3624642575		23.834875155		43.918888092		0				69.1162275045

				2030		3.0375792646		26.730583493		48.9104385376		0				78.6786012952

				2035		6.7590505528		29.5496168784		54.4856109619		0				90.7942783931

				2040		11.2969264126		33.3702781712		61.239238739		0				105.9064433228

				2045		18.8824070835		37.4320322278		68.5346908569		0				124.8491301683

				2050		28.0042457199		41.6509906697		76.325958252		0				145.9811946416

		POLICY

				2015		0		18.2698554993		34.9937362671		0				53.2635917664

				2020		1.280882619		20.839689128		38.6603012085		0				60.7808729555

				2025		4.3098496306		23.4710889821		43.1408462524		0				70.9217848651

				2030		11.2288752937		25.6664058774		47.5876846313		0				84.4829658024

				2035		24.7249015045		28.8346333821		53.1780776978		0				106.7376125844

				2040		34.3984736252		32.5307236085		59.7081336975		2.4365119565				129.0738428877

				2045		42.6962281036		37.0032335204		67.7315063477		10.4949599648				157.9259279364

				2050		48.8295547485		41.6700365427		76.2319412231		35.153554287				201.8850868013

		AmbPol

				2015		0		18.2698554993		34.9937362671		0				53.2635917664

				2020		1.280882619		20.1635672053		38.1489181519		0				59.5933679762

				2025		4.3098496306		22.251427218		41.6555747986		0				68.2168516472

				2030		11.2288752937		24.7694546487		45.8028259277		4.2984991622				86.0996550323

				2035		25.2333185291		27.8781717851		51.0445899963		6.8721312618				111.0282115724

				2040		33.6271524239		32.0767000973		57.5005226135		16.455131464				139.6595065987

				2045		41.8802746582		37.4515571827		65.5273971558		29.7600640011				174.6192929977

				2050		47.5817232513		42.2272773588		73.8606414795		41.8497735214				205.519415611
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		Year		tax USD/CO2eq Pol		tax USD/CO2eq AmbPol		EmissionsPol		EmissionsAmbPol (Mil tone)		TaxIncome_Pol (Bil USD)		TaxeInc_AmbPol (Bil USD)		GDP-Pol		GDP_AmbPol		TaxInc_Pol/GDP		TaxInc_AmbPol/GDP

		2020		0		0		73.3020072479		72.135436718		0		0		316.72		316.35		0.00%		0.00%

		2025		23.3		61.8		71.6204223022		64.806101881		1.6687558396		4.0050170962		375.44		374.3		0.44%		1.07%

		2030		48		145		60.6143304901		45.1861432219		2.9094878635		6.5519907672		444.99		443.48		0.65%		1.48%

		2035		53		160		55.4720303812		37.110850913		2.9400176102		5.9377361461		527.65		525.8		0.56%		1.13%

		2040		58		176		43.4062051687		27.8977449226		2.5175598998		4.9100031064		624.94		622.85		0.40%		0.79%

		2045		62		190		31.6315994368		20.0771254029		1.9611591651		3.8146538266		739.26		736.96		0.27%		0.52%

		2050		67		205		23.6911439786		18.2827529716		1.5873066466		3.7479643592		872.84		870.22		0.18%		0.43%

				Policy						Ambitious policy

		Year		tax USD/CO2eq		Emissions		TaxInc/GDP		tax USD/CO2eq		Emissions		TaxInc/GDP

		2020		0		73.30		0.00%		0		72.14		0.00%

		2025		23.3		71.62		0.44%		61.8		64.81		1.07%

		2030		48		60.61		0.65%		145		45.19		1.48%

		2035		53		55.47		0.56%		160		37.11		1.13%

		2040		58		43.41		0.40%		176		27.90		0.79%

		2045		62		31.63		0.27%		190		20.08		0.52%

		2050		67		23.69		0.18%		205		18.28		0.43%






