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A B S T R A C T   

The implementation of a carbon pricing policy to comply with GHG emission targets faces opposition in small 
economies. An integrated modeling exercise was carried out for Israel to assess the cost-effectiveness of GHG 
emission reduction options. Alternative policies in terms of carbon pricing and policy standards are evaluated. 
The results show that modest carbon pricing is effective. It achieves a 67% reduction in emissions, by 2050 
relative to the reference year 2015, while having only a minor impact on economic growth. Policy standards 
currently proposed by the government will only reach a 40% emissions reduction in the same timeframe. Clean 
energy standards not coupled with carbon pricing may hinder efficiency but have a lesser impact on income 
distribution.   

1. Introduction 

With interest rates approaching zero and a significant slowdown in 
economic activity due to the COVID-19 pandemic, policymakers have 
begun considering green-infrastructure plans as a way to recover from 
the recession. As of January 1, 2021, over 75 countries enhanced their 
greenhouse gases (GHGs) mitigation targets declared under the Paris 
Agreement [1]. These commitments range from strategies, plans, and 
actions for low-emission development to economy-wide absolute emis-
sion reduction targets, demonstrating the growing ambition to address 
climate change [2,3]. 

What role should a small open economy play in carbon policy? This 
question is faced by Israeli policymakers. The country contributes about 
half a percent to global emissions of GHGs. In the energy sector, power 
generation is at a crossroads. Coal and oil are currently in the process of 
being replaced by natural gas (NG) and renewable energy (RE). The 
Industrial and transport sectors are also undergoing significant transi-
tions. Abundant NG discoveries over the past decade have transformed 
this historically resource-poor country into a regional NG leader [4]. 

Israel now has sufficient NG supplies for the next thirty years. Before the 
NG discoveries, Israel’s energy import bill was more than 5% of its gross 
domestic product (GDP). Currently, the development of a domestic 
supply of NG and its export has been contributing to the country’s trade 
balance [5]. Ultimately, the process is expected to lead to cleaner energy 
and reduced environmental impacts. 

Nevertheless, policymakers are confronted by many challenges that 
hinder their active commitment to carbon mitigation including the 
intermittent nature of RE, opposition to a carbon-tax-driven increase in 
energy prices, as well as uncertainty regarding the costs of energy 
transition and required infrastructure. Policymakers question the effi-
ciency of carbon pricing in a heavily regulated energy sector. The 
common perception is that ongoing geopolitical tensions and the 
COVID-19 economic crisis leave little room for environmental consid-
erations in general and carbon pricing in particular. 

Meanwhile, the clean-energy industry has been gaining momentum. 
Globally, technologies that use energy more efficiently could deliver the 
same or better services with lower costs and risk [6]. Moreover, fossil 
fuels that now provide most of the energy generally cost more than the 
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modern renewable sources that have already taken over two-thirds of 
the world’s power-plant market [7]. Recent years have been marked by 
turmoil in regional and global energy markets, with volatile oil prices, 
geopolitical tensions over oil and NG supply, and tightened environ-
mental regulations. Early in 2020, when COVID-19 struck a blow to the 
global economy, the oil demand dropped by more than 20%, and prices 
collapsed. As countries embark on recovery, energy demand has begun 
to rise, and oil producers are curbing output to increase prices even 
further. 

These developments offer policymakers opportunities to create a 
sustainable economy and make energy supplies resilient to catastrophic 
interruptions of supply [8]. In major economies such as China, India, the 
USA, and the EU, emerging evidence indicates that ambitious global 
climate protection based on least-cost energy resources can be profitable 
for the economy as a whole [9–11]. 

The research reported in this paper was initiated by the Israel Min-
istry of Environmental Protection. The study aimed to analyze the eco-
nomic impact of alternative paths for GHG emission reduction in Israel. 
The project involved the Ministry of Energy and other relevant stake-
holders, such that policy evaluation was based on a unique database and 
an up-to-date benchmark policy scenario. Ongoing dialogue with poli-
cymakers was accompanied by a rigorous analytical framework that 
helped shape the decision-making process. Specifically, the policy 
questions under consideration were: What would be the cost in terms of 
economic growth of transitioning to a green energy sector for the Israeli 
economy? Should a carbon tax be required, or would green standards be 
more effective in a small economy with regulated energy markets? Does 
a decade of accelerated investment in NG infrastructure in electricity 
and industry diminish the probability of a carbon-neutral energy sector? 

The Israeli case study can support decision-making processes in 
small-open economies as well as in developing countries. Most of them 
share similar concerns about the impact of carbon pricing and clean 
energy reforms on energy security, electricity prices, income distribu-
tion, and economic growth [12]. As detailed below, our study used 
state-of-the-art modeling. The access to micro-level data on the energy 
sector, provided by the regulator, was crucial in calibrating the model. 
This study can be used, therefore, as a reference for cases when access to 
modeling or data is limited. 

Gielen et al. [4] stated that well-designed transition policies should 
consider the characteristics of energy systems, encompassing both en-
ergy supply and demand. In this study, we use a modeling setup repre-
senting the Israeli energy system including the economic feedback 
effects of policies. The analysis is based on the countrywide application 
of the MESSAGEix integrated assessment modeling framework linked to 
the MACRO dynamic macroeconomic model [13]. For each of the policy 
scenarios, the framework estimates the required capacity investment, 
the optimal energy system configuration, and the resulting emissions, as 
well as demand response and the macroeconomic impact. It serves as a 
useful tool to inform the debate and facilitates the decision-making 
process for energy-related GHG emission reduction goals to be set by 
governments. 

Implementing government pledges on GHG emissions depends on 
effective policies. The study supports the inference that by internalizing 
the externalities associated with GHG emissions, carbon pricing pro-
motes cost-effective abatement, delivers efficiency incentives, and 
ameliorates rather than exacerbates government fiscal position [14]. 
Clean energy standards and emission reduction targets could be useful to 
support a carbon tax, but cannot substitute for it. The case study dem-
onstrates that carbon pricing is more efficient than the policy standards 
that are under current consideration. However, this efficiency is ach-
ieved at a cost to energy consumers. To mitigate the regressive effect of 
carbon pricing, redistributing the added efficiency gains to low-income 
households is recommended. 

The paper is structured as follows: Section 2 briefly reviews previous 
studies. Section 3 presents the methodology used in this study and 
outlines the research structure. Section 4 presents the key results. 

Section 5 discusses the findings and Section 6 concludes. 

2. Previous studies 

Energy is a crucial input for the economy. It is widely utilized as a 
production factor and consumed in various forms by households. For 
these reasons, any changes in the energy sector may significantly affect 
the economy. The challenge in modeling energy markets and policy is to 
provide an adequate means of capturing energy system effects, sectoral 
and macroeconomic impacts, and feedback effects [15]. The literature 
provides various approaches for combining economic and energy system 
models [15–17]. The following paragraphs provide a concise review of 
previous studies focused on energy-economic modeling. 

Bottom-up engineering models include thorough descriptions of the 
technological aspects of the energy systems, including future improve-
ments [18]. These descriptions include interactions among the 
numerous individual energy technologies that make up an economy’s 
energy system, from the primary energy sources, via conversion and 
distribution processes, to the final energy use. A solution constitutes a 
partial equilibrium wherein energy demand is met in a cost-optimal 
fashion [19]. 

Top-down general equilibrium (GE) models, on the other hand, 
model the entire economy and emphasize the possibilities of substituting 
different production factors to maximize firms’ profits [20]. The sub-
stitution possibilities between energy and other production factors are 
captured in production functions that describe changes in fuel mixes as a 
result of changes in relative prices, given substitution elasticities [21]. 

The top-down and bottom-up models represent two contrasting and 
widespread approaches to the quantitative assessment of energy pol-
icies. Linking them allows for the strengths of one model to complement 
those of the other [17]. 

Top-down analyses of the Israeli economy include the CGE model for 
Israel, the IGEM [22] that was developed and employed to analyze the 
economy-wide impact of climate change [23,24], and climate change 
mitigation policies in Israel [22,25]. Other CGE-based analyses include 
those of Luckmann [26] and Yerushalmi [27], which demonstrated the 
economy-wide costs of water scarcity for Israel. Siddig and Grethe [28] 
used a GTAP-based CGE model to analyze the costs of disruptions of the 
NG supply from Egypt to Israel. 

The bottom-up energy-related models for Israel usually focus on a 
specific part of the energy system such as the electricity sector [29,30], 
NG, or oil [31], but do not address system-wide research questions. 
Therefore, due to expected shifts to NG and RE in power generation as 
well as to the electrification of transport and industry, a comprehensive 
representation of the energy sector and its links to the macro-economy is 
required. 

We, therefore, complement the literature by providing a thorough 
macroeconomic assessment of climate mitigation policy in the Israeli 
energy sector. The MESSAGEix_IL-MACRO is the first modeling attempt 
to represent the Israeli energy sector as a whole, including a link to a 
macroeconomic model, MACRO, to retrieve feedback from the energy 
demand side. The present study broadens the scope of the policy alter-
natives and evaluates each of them with the rigorous tool of applied 
system analysis. This case study is representative of certain types of 
small open economies, characterized as energy islands, with substantial 
potential for generating intermittent renewable energy. 

3. Materials and methods 

3.1. MESSAGEix_IL model in a nutshell 

MESSAGEix_IL is a country-level application of the integrated 
assessment modeling framework MESSAGEix developed over the past 
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four decades [32]. Complete technical documentation of this 
open-source model is available online1 and key input assumptions are 
summarized in the supplementary material. MESSAGEix is a dynamic, 
technology-based optimization model designed for medium-to long--
term energy planning and policy analysis that provides a framework for 
representing energy systems with all their interdependencies and cor-
relations (Fig. 1). MESSAGEix can describe the entire energy system, 
including resource extraction, trade, conversion, transmission, and dis-
tribution, as well as the provision of energy end-use services such as 
lighting, space conditioning, industrial process heating, and trans-
portation on different scales, e.g., national [33] or global [13,34]. The 
optimization model is solved to find the least-cost solution for satisfying 
energy demand under various technical, economic, and environmental 
constraints. 

To obtain macroeconomic feedback for changes in an energy system, 
MESSAGEix_IL is linked directly to the MACRO module of the MESSA-
GEix model introduced by Messner and Schrattenholzer [35]. MACRO 
maximizes the intertemporal utility function of a single representative 
producer-consumer through optimization [13]. 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 ac-
cording to a nested production function with constant elasticity of 
substitution. Among other variables, the combined modeling framework 
MESSAGEix_IL-MACRO calculates the required capacity investment, the 
optimal energy system configuration, and the resulting emissions for 
each of the policy scenarios to obtain the carbon mitigation feedback 
regarding energy demands and overall economic performance. 

3.2. Data 

Based on interactions with the relevant stakeholders, we fed the 
MESSAGEix_IL-MACRO modeling framework the most recent data on 
the characteristics of the Israeli energy sector, as reported in Table 1 and 
the supplementary material. These include: the volume of NG reserves 
discovered offshore; energy taxes updated for 2019; power-generation 
capacity and lifetime by fuel; capital and operation and management 
(O&M) costs of NG and coal power plants, solar power stations, and 
storage, as evaluated by internal reports of the Ministry of Energy and 
the Public Utility Authority (PUA). The rich historical data also includes 
technologies in place, capacity, investment, and efficiency factors. 

In the MACRO baseline calibration, Israel’s population growth and 
GDP conform to official forecasts [36,47], while energy development is 
generated by the baseline scenario in MESSAGEix_IL. The discount rate 
was based on estimations of the Israeli National Economic Council for 
public investment in various sectors. The estimated discount rate in the 
sector “National infrastructures with natural monopoly characteristics 
in the field of communications, energy, water and agriculture; Green 
and renewable energy” sector is currently negative (− 0.41%) and 
gradually increases to two percentage points by 2050 (see Supplemen-
tary Material). 

3.3. Research design 

The research and analysis described here included ongoing and 
iterative participation of relevant stakeholders (Fig. 2) and in particular 
close cooperation with the Ministry of Environmental Protection and the 
Ministry of Energy. 

The future development of the Israeli energy sector through 2050 
was modeled in collaboration with stakeholders and in line with official 
policy plans, e. g., for the share of electric transport, the share of 
renewable energy, and coal in power generation. Using this input, 
MESSAGEix_IL generated the “baseline” scenario for the future 

development of the energy sector in Israel through 2050. The “baseline” 
scenario generated by MESSAGEix_IL served for calibration of the 
aggregate macroeconomic model- MACRO. 

Next, alternative future policies were imposed in MESSAGEix_IL as 
external shocks to the energy system. Among these were a higher share 
of power generation from RE, complete electrification of the transport 
sector by 2050, and carbon pricing. In response to those shocks, the cost 
minimization model of MESSAGEix_IL re-optimized the energy mix. The 
resulting energy prices were used as input to MACRO, which generated 
final demands and transferred the energy demands back to MESSA-
GEix_IL. The models were run until the energy quantities converged. The 
results represent alternative trajectories of energy sector development in 
Israel that consider the direct economic costs of energy-related GHG 
emissions reduction. The year 2015 is the most recent “historical” period 
in the model, which runs in five-year steps. Therefore, the first output of 
the MESSAGEix_IL-MACRO framework is obtained for the year2020.2 

The results of the scenarios were presented to the stakeholders that 
commented, and in some cases altered the assumptions for alternative 
scenarios. The scenarios were reevaluated accordingly. 

3.4. Scenarios 

The Ministry of Energy and the government are currently discussing 
several energy policy scenarios that have not yet been finalized. The 
plan for Energy Economy Objectives for 2030 [45] provides a 
cost-benefit analysis of transformations in three sectors: (1) eliminating 
coal from the energy mix for power generation while increasing the 
share of NG to 70% and of RE to 17%, (2) increasing the NG share for the 
production of energy and steam in the industrial sector, and (3) shifting 
to electric vehicles and NG-powered trucks. A positive net economic 
benefit was estimated in this plan [45]. We expand the scope and tools of 
the analysis by employing a multi-scenario analysis to identify the 
economic prospects of clean energy trajectories for Israel and the asso-
ciated changes in GHG emissions under climate mitigation policies. We 
also extend the analysis beyond 2030 to 2050. The key assumptions for 
each scenario are summarized in Table 2. 

Starting from the baseline scenario, three alternative policy scenarios 
were analyzed. The policy standards scenario implies reaching the 
following clean energy goals by 2050: 85% of RE in the energy mix for 
power generation, complete electrification of transportation, and a 
complete phase-out of coal by 2030. The carbon tax scenario introduces 
an increase in carbon pricing in line with the mid-range of EPA [44]. We 
used a relatively modest trajectory for the carbon tax scenario compared 
with recent evaluations of the social cost of carbon (estimated at USD 
100–200 [48],) and relative to the carbon price estimated at USD 75, 
required for achieving global net-zero carbon emissions, [49]. Carbon 
taxes were added to existing energy taxes. No green policy standards are 
imposed in the carbon tax scenario. The third scenario “Policy + Tax” 
combines the policy standards and the carbon pricing scenarios. 

Although MESSAGEix_IL reflects energy-related carbon emissions in 
detail, other sources of GHGs, such as agriculture, waste, and land-use 
change are included in the current version of the model. Therefore, 
the analysis below reflects the potential change in about 85% of Israel’s 
GHG emissions. 

4. Results 

Fig. 3 shows the GDP growth rate relative to the 2015 baseline and 
the estimated GHG emissions for each of the three scenarios, starting 
from the observed year 2015 and with five-year intervals until 2050. 
According to the official, pre-Covid-19 assumptions [47], from 2015 to 
2050 the GDP is projected to grow by about 140% in the Baseline Sce-
nario (Fig. 3a), while the population will almost double. The 

1 https://docs.messageix.org. 2 This is due to lags in obtaining historical data. 
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corresponding growth of energy-related GHG emissions,3 as estimated 
by MESSAGEix_IL, is 35% (Fig. 3b). Evidently, in the baseline scenario 
GDP growth is significantly higher than the increase in GHG emissions. 
Therefore, partial decoupling between economic growth and carbon 
emissions in the Israeli economy may be achieved if currently planned 
policies are implemented. Nevertheless, the moderate growth in emis-
sions in the baseline scenario greatly exceeds the international aim of 
reaching net-zero GHG emissions by 2050. 

The estimated policies not only prevent increases in GHGs but also 
significantly reduce emissions (Fig. 3b): Policy standards reduce energy- 
related GHG emissions by 40% relative to 2015, carbon pricing reduces 

emissions by 67%, and the combined policy standards and carbon 
pricing scenario adds 5% to the reduction achieved by carbon pricing 
alone. 

MESSAGEix_IL allows investigating the channels by which the sce-
narios affect the energy sector. We present the change in key energy 
indicators and their determinants by scenario. 

Fig. 4 depicts power generation and the share of solar energy in the 
energy mix. The baseline assumes reaching 17% solar energy by 2030 
and maintaining this share after that. The policy standards and policy +
tax scenarios impose the green policy standard of reaching 85% of solar 
energy in the power generation mix. No such target is imposed in the 
carbon tax scenario, in which solar power endogenously reaches 65%. 

In all alternative scenarios, power generation appears to rise signif-
icantly compared to baseline (Figs. 4 and 5). The main force driving this 
change is the complete electrification of the transport sector that is 
achieved not only when explicit green policy standards are imposed, but 
also in the carbon pricing scenario. Storage needs in solar-intensive 
scenarios also contribute to growing power generation to compensate 
for the intermittency of this RE source. Additional differences between 
the scenarios are attributed to variations in the electrification of the 
industrial sector.4 

Focusing on the energy mix in power generation, the main differ-
ences between the scenarios lie in the composition of NG vs. solar. In all 
the alternative scenarios, the share of solar in power generation in-
creases significantly at the expense of NG, while coal is completely 
crowded out. The transition to solar includes a corresponding increase in 
storage that is required for a reliable supply of electricity. The results 
suggest that NG can bridge the transition to cleaner power generation. 
Moreover, carbon pricing that levies taxes on fossil fuels according to 
their carbon content, allows a more gradual transition to solar than in 
the policy standards scenario. In this scenario, even in 2050 NG com-
prises 35% of the energy mix in electricity production, compared to only 
15% in the green policy standards scenario (Fig. 5). Thus, carbon pricing 
stimulates higher utilization of Israel’s vast NG reserves, providing en-
ergy security and taking advantage of existing natural resources and the 
related infrastructure. 

The transportation sector is relatively flexible in terms of energy 
sources. It can switch relatively quickly to cleaner energy and energy- 

Fig. 1. Overview of MESSAGEix_IL - MACRO system.  

Table 1 
Main data sources for adjustments in MESSAGEix_IL-MACRO.  

Data Source 

Population growth Medium and high scenarios [36] 
GDP growth Medium [37]; High [38] 
Energy prices until 2030 World Bank [39] 
Energy prices 2031–2050 [40] 
Interest rate Israeli National Economic Council 

(unpublished) 
Energy taxes Israel Ministry of Energy, Fuel Department (4/ 

2019) 
Coal power generation in Israel Ministry of Energy Chief Scientist 
Storage costs Israel Ministry of Energy Chief Scientist 
NG Capital cost and OM cost Ministry of Energy Chief Scientist 
Coal Capital cost and OM cost Ministry of Energy Chief Scientist 
Solar Capital cost and OM cost Ministry of Energy Chief Scientist 
Technology efficiency Ministry of Energy Chief Scientist 
Power plants lifetime Ministry of Energy Chief Scientist 
NG reserves [41] 
NG export till 2050 [41] 
Historical data on energy balance, 

Israel 
EIA [42], and CBS 

Elasticities of electricity demand BOI [43] 
Emissions factors Ministry of Environmental Protection 
Carbon Tax [44] 
Electricity Transportation Ministry of Energy (personal 

communication) 
Renewable energy goals [45,46]  

3 The analysis so far covers about 85% of GHGs in Israel that result from 
energy-related processes. The rest is caused mainly by agriculture, land use 
change and waste. Furthermore, the model does not take into account the effect 
of structural changes in the economic sectors on the composition of 
employment. 

4 Israel is somewhat unique in terms of its population growth therefore its 
GDP and absolute energy consumption increase faster than other OECD econ-
omies, but may well represent less developed economies considering GHG 
reduction policies. 
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efficient technologies. In addition, the thermal efficiency of internal 
combustion engines is about 20%, whereas electric vehicles can achieve 
85 to 98% efficiency. A combination of these two processes makes it 
possible to meet the projected increase in transportation demand while 

significantly reducing fuel consumption and corresponding emissions. 
This sector undergoes full electrification not only in the green policy 
standards scenario but also in the carbon pricing scenario (Fig. 6). 
Electrification in conjunction with decarbonization of the power sector 

Fig. 2. Schematic diagram of the research design process and stakeholder interaction.  

Table 2 
Scenario assumptions.  

Policy dimension Baseline Policy Standards Carbon Pricing 

Socio-economic Population (average annual 
growth) 

1.7% [36] Follows baseline 

GDP (average annual 
growth) 

2.5% [37] 

Power 
generation 

RE 17% from 2030 on 85% in 2050 No green policy 
standards Coal Reduction of the capacity of coal power plants by 2030, remaining 3400 

MW available till 2050 
Graduate reduction to 0 by 
2030 

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

Electric Transport 30% in 2050 100% in 2050 
Carbon tax (Average annual in 5 years, per ton 

CO2eq) 
No Carbon Pricing No Carbon Pricing 2020 $0 

2025 $23.3 
2030 $48 
2035 $53 
2040 $58 
2045 $62 
2050 $67 
2055+ $69  

(a) (b)

Fig. 3. a. Decoupling of economic and emission growth rates in the Baseline scenario. b. Projected GHGs by scenario vs 2015 level.  
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offers a cost-efficient mitigation strategy because fossil fuels get penal-
ized more significantly. Nevertheless, the path to complete electrifica-
tion of transportation varies among the alternative scenarios. In the 
green policy standards scenario, where no carbon pricing is imposed, NG 
serves as the main fuel during the transition period. Under the carbon 
tax scenario, however, NG is used for a shorter period, allowing cleaner 
biofuels as another transitional bridge. 

Israeli policymakers have not defined green policy standards for the 
industrial sector. Accordingly, no targets were imposed in either the 
baseline or the policy standards scenario. Therefore, total energy use in 
industry is not altered by the policy standards scenario compared to the 

baseline (Fig. 7). Nevertheless, more NG is used in industry in the 
alternative scenarios than in the baseline. Industry ends up using NG 
that was freed from power generation. 

Not only does carbon pricing stimulate the industry to increase its 
utilization of NG instead of petroleum products, but it also raises energy 
efficiency. Here, the advantage of carbon pricing over green policy 
standards is most evident. The ubiquitous nature of energy production 
and the use and variety of carbon sources in today’s economy means that 
conventional technologies and standards for performance will not be 
possible [14]. Carbon pricing has an economic advantage because of the 
flexibility it offers and the incentive it provides to all sources of GHGs. 

Fig. 4. Electricity generation and share of solar by scenario.  

Fig. 5. Electricity generation by energy source in Terawatt-hours (TWh).  
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Fig. 8 compares the total final energy consumption (TFC) between 
2020 and 2050 in the baseline and alternative scenarios. TFC is signif-
icantly lower under the carbon standards and pricing scenarios relative 
to the baseline. This is due mainly to the reduction in petroleum prod-
ucts, which are only partially replaced by electricity. As mentioned 
above, electric transport is much more energy-efficient than transport 
using internal combustion engines. In addition, carbon pricing supports 
the penetration of RE and NG not only in electricity but also in the in-
dustrial sector. 

In the above paragraphs, we investigated the impact of green policy 
standards and carbon pricing on energy-related carbon emissions, and 
the underlying sectoral transformations that lead to emission reduction. 
Now we consider the following central questions: What are the eco-
nomic costs of achieving this mitigation? More importantly, do these 
costs vary by the type of policy in place? Fig. 9a shows the GDP by 
scenario, while Fig. 9b zooms in on the percent change in GDP by sce-
nario vs. baseline. 

Note that the significant reduction in GHG emissions comes at a 

Fig. 6. Final energy by energy carrier in transport (PJ).  

Fig. 7. Final energy by energy carrier in the industry (PJ).  
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negligible direct cost in terms of GDP. Carbon pricing appears to be the 
most efficient policy, achieving about 20% higher mitigation (Fig. 3b) at 
a lower cost in terms of GDP compared to green policy standards 
(Fig. 9b). The combination of green policy standards and carbon pricing 
performs slightly better in terms of emission reduction, though at lower 
GDP growth across the planning horizon. 

As can be seen in Fig. 10, energy intensity is the main energy indi-
cator for tracking the plausible transformation of energy and the econ-
omy. Energy intensity is calculated as the million tons of oil equivalent 
(MTOE) of TFC per unit of GDP estimated in USD 2015 PPP.5 As energy 
intensity declines, less energy is required for economic activity. A 

gradual reduction of 27% in energy intensity is achieved in the baseline 
scenario. In contrast, green policy standards or carbon pricing lead to a 
reduction of about 45% in 2050 relative to baseline. Thus, the alterna-
tive policy scenarios exhibit a significant decline in TFC (Fig. 8), 
whereas the GDP changes mildly, if at all (Fig. 9). 

The projected change in energy prices can shed additional light on 
the impact of the transition (Fig. 11a and b). 

Fig. 11a shows the oil, coal, and NG price index in the tax scenario 
relative to the baseline scenario. The changes in the prices of these fossil 
fuels are mainly due to imposing carbon pricing according to the carbon 
content of each of the fuels. As Israel has no domestic coal and oil 
production, the prices of these fuels are essentially the exogenously 
assumed (global) market prices [50] plus the carbon tax. In contrast, NG 
prices result from an equilibrium in which demand responds to a change 

Fig. 8. Total final energy consumption (TFC) by energy carrier in PJ.  

(a) (b)

Fig. 9. a. GDP by scenario in Billion USD 2015. b. GDP percent change vs baseline by scenario.  

5 Purchasing power parity. 
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in the relative price of this energy source. The moderation in the rise in 
NG prices after 2030 can be explained by the fact that the tax stimulates 
the transition to less polluting fuels in both electricity generation and 
industry. 

Fig. 11b depicts the price of electricity as an index of change in the 
alternative scenarios vs. baseline. In an optimization model such as 
MESSAGEix, commodity prices reflect the extent to which the objective 
function – in the case of MESSAGE, the total discounted system costs – 
would change if the demand constraints were relaxed by one unit (i.e. at 
the margin). These changes also depend on other constraints such as 
green policy standards and carbon pricing. The sharp changes in prices 
are typically due to investments triggered in specific periods in response 
to policies and/or taxes. In the green policy standards scenario, such a 
change in investments is triggered in 2030, after which prices return to 
baseline. Under carbon pricing, the cost of producing electricity from NG 
increases continuously, as reflected in the electricity price. As of 2045, 
this no longer seems to be the case. 

Accordingly, the price of electricity can reflect the distribution effect 
of standards vs. carbon pricing. Policy standards boost investments too 
early, leading to a loss of profits for entrepreneurs, and ultimately to 
lower economic efficiency because of abandoned capital. Yet, house-
holds might experience an overall lower price increase under the stan-
dards scenario than under the carbon pricing scenario. Therefore, in the 
case of carbon pricing, a compensation scheme for low-income popu-
lation groups could be considered. The efficiency gains and the revenue 
from a carbon tax or a cap-and-trade program with an allowance auction 
should at least be partially utilized to compensate low-income house-
holds that suffer disproportionally from an increase in electricity prices. 

The government take from the carbon tax (Fig. 12) has an inverse U 
shape, as the tax per ton of CO2 equivalent increases, while GHG 

emissions are projected to decline over time. In the post-COVID-19 
economy, the government might seek new sources to cover the rising 
debt to GDP ratios and might consider raising taxes. Unlike most other 
distorting taxes in the economy, carbon tax prices the GHG externality, 
so that decisions on the variety of carbon-related economic activities 
take this external cost into account. Therefore, a carbon tax can serve as 
an efficient means to reduce the debt burden. 

5. Discussion 

Policymakers around the world are in the process of establishing 
national development plans for 2050 to combat climate change. Carbon 
pricing, which imposes a levy on each ton of carbon, is planned to cover 
a fifth of the world’s emissions [51]. The current article reports the 
outcome of an investigation carried out in cooperation with stakeholders 
to analyze the implications of climate policy in a small, open economy. 
Like policymakers everywhere, Israeli policymakers face a dilemma 
regarding carbon pledges and the choice of emission mitigation options: 
whether to set green policy standards or use carbon pricing. Policy-
makers must consider the cost-effectiveness, political acceptability, and 
distributional effects of these options. 

To support the decision-making process, we simulated the adoption 
of energy-related carbon emission reduction standards and pricing pol-
icies. We then analyzed their impact on economic growth in Israel using 
MESSAGEix_IL-MACRO, an original dynamic integrated energy- 
macroeconomic modeling framework. This case study is particularly 
representative of certain types of small, open economies, characterized 
as energy islands with substantial potential for generating intermittent 
renewable energy. 

The results of four cases were analyzed. The baseline scenario 

Fig. 10. Final energy intensity [TFC in MTOE per GDP in USD 2015 PPP] 
by scenario. 

Fig. 11. a. Price index tax vs baseline scenario of primary energy. b. Electricity price index tax and standards vs baseline scenario.  

Fig. 12. Income of carbon tax from energy-related GHG emissions.  
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developed in collaboration with stakeholders served as the starting 
points for three policy scenarios: green policy standards, carbon pricing, 
and a combined scenario of green policy standards and carbon pricing. 

Our results show that carbon pricing raises the share of renewable 
electricity, mainly solar power, from 5% of supply today to 65% by 
2050. Coal use will end, and oil will decline rapidly, while cleaner NG 
will remain central, representing another important step in the decar-
bonization of electrification. The results show that in the carbon pricing 
scenario, the rate of electricity use in total final energy consumption 
increases from about 30% at present to about 60% in 2050. This result is 
in line with recent studies [52,53]. The latest BP analysis also showed 
that global decarbonization increases the share of energy from elec-
tricity from about a fifth in 2018 to just over half in 2050 [54]. 

This energy architecture will ultimately bring immense benefits. 
Carbon emission standards or carbon pricing can reduce energy-related 
GHG emissions by about 40 and 67% respectively, by 2050 relative to 
2015, with only a minor direct cost in terms of GDP growth. A significant 
decline in emissions can be efficiently achieved by rather modest carbon 
pricing. This result contributes to the recent evidence of carbon pricing 
efficacy [55]. 

The study provides support for adopting carbon pricing as a key 
mitigation policy that acts consistently across all sectors of the economy. 
By pricing CO2 emissions (or, equivalently, by pricing the carbon con-
tent of the three fossil fuels—coal, petroleum, and natural gas), gov-
ernments will incentivize firms and consumers to find and exploit the 
least-cost ways of reducing emissions. Carbon pricing provides in-
centives for investing and developing new technologies, processes, and 
innovations to mitigate emissions efficiently. Uniform technology and 
performance standards can—in principle—be effective in achieving 
some environmental purposes. Technology standards and other more 
specific policies can help overcome barriers in some sectors and can be 
useful as a complement to carbon pricing [56]. Yet, given the ubiquitous 
nature of GHGs from diverse sources in an economy, it is unlikely that 
technology or ordinary performance standards can serve as the center-
piece of a meaningful climate policy [57]. 

The results show that clean energy standards that are not coupled 
with carbon pricing may have a smaller impact on income distribution, 
but will entail efficiency losses. Therefore, the efficiency gains of carbon 
pricing should at least partially fund support for low-income population 
groups [58]. Our main recommendation for policymakers is to use car-
bon taxation as the main instrument in climate policy. In any case, it is 
crucial that if both carbon targets and pricing are set, they do not 
contradict but rather complement each other. 

Policymakers are also concerned with energy security. Increased use 
of domestic RE reduces reliance on imported coal and oil. The main 
source of RE in Israel is solar energy. The potential of wind energy has 
not yet been proven, and hydroelectric power is infeasible in an arid 
region like Israel. Nuclear power plants are also infeasible in the current 
geopolitical reality. Accordingly, to meet the goals of clean power 
generation, demand management and electricity storage is of major 
importance. The results indicate that carbon tax policy also offers co- 
benefits for energy security [59]. Optimization based on a carbon tax 
preserves a higher rate of NG for domestic users than policy standards. 
Therefore, by exploiting emission mitigation options across the entire 
economy, a carbon tax policy would exploit Israel’s NG resource en-
dowments efficiently and offer a higher return for NG-related capital. 
This result can apply to additional economies that produce NG and are 
reluctant to set carbon pricing. 

6. Conclusions 

The analysis reveals several important conclusions. The carbon 
pricing to reduce GHG emissions by 2050 represents an exceptional 
opportunity for long-term strategic planning in Israel and elsewhere. 
Significant reductions in GHG emissions can be achieved by electrifi-
cation of the economy while basing power generation on renewable 

energy sources. Achieving these goals involves investment, which, if 
implemented optimally, will reach both emission reduction goals and 
economic growth. There is synergy between the adoption of a carbon 
tax, green policies, and investments in infrastructure. Carbon tax reve-
nues can partially fund investment infrastructure to boost employment 
and growth, especially post-COVID [60–62]. 

The transport sector is responsible for more than two-thirds of Is-
rael’s fossil fuel final energy consumption. In addition, Israel suffers 
from decades-long underinvestment in its transportation infrastructure. 
Given the urgency of solving road congestion and the ongoing increase 
in the number of new vehicles on the roads every year, as driven by 
demographic and economic growth, we recommend the government to 
address the rapid electrification of light-duty vehicles and public 
transport as its most important budgetary commitment, requiring im-
mediate implementation. Accordingly, we call for investment in electric 
and efficient public transportation. This investment is crucial to serving 
as a substitute for travel by car which will be affected by carbon pricing. 
In addition, the COVID-19 crisis has shown that many daily trips, may 
not be necessary. Providing support for some degree of working from 
home in the public and private sectors can be considered an additional 
aspect of the green standards toolkit. Work-from-home standards may 
be cost-effective in reducing both congestion and pollution, as well as 
the regressive impact of carbon pricing. 

Infrastructure that allows transmission for electricity storage and 
supply can also contribute to solving the challenge of a high share of 
solar energy in power generation. 

The industry is also responsible for a significant share of emissions. 
To make the most of Israel’s offshore NG reserves, the government is 
subsidizing the investment in NG infrastructure for energy-intensive 
industries. The utilization of NG is indeed preferable in terms of pollu-
tion when compared to other fossil fuels. Carbon taxation will enable 
Israel to exploit NG more than the policy target scenario. Nevertheless, 
current planning of future investment in NG infrastructure should be 
commensurate with the carbon pricing scenario and not exceed it. In 
addition, given the projected reduction in the use of oil products evident 
in all the scenarios, the government should reconsider the industrial 
development plans for oil refineries. 

Hence, the Israeli government should play a bigger role in how 
businesses respond to climate change in the future. Carbon pricing and 
climate-friendly rules will determine how quickly companies decar-
bonize and how costly it will be for those that fail to do so. Decarbon-
ization offers plenty of opportunities for Israeli entrepreneurs, among 
them, developing new technology, becoming more carbon-efficient than 
competitors, and selling green products to consumers. Even without 
support from regulation at home, many Israeli innovators in fields such 
as rooftop solar panels, novel biofuels, and storage technologies have 
already seized opportunities abroad. Carbon pricing and supporting 
standards will bring these benefits to society at home. 

In addition, a reduction in GHG emissions reduces local pollutants 
[63], bringing about improved air quality and gains in health and labor 
productivity. Moreover, economic and social benefits from mitigating 
climate change and avoiding climate impacts are sure to follow [64]. 

Despite the positive macroeconomic outlook generated by our 
model, the threat of a poorly managed transition still looms. Several 
risks stand out. Special interest groups, among them the local NG mo-
nopoly, powerful refineries, and ongoing resistance to active decar-
bonization policy stand to lose from adopting GHG policy goals. 
Confronting these challenges requires strong political will. Adverse 
distributional outcomes that affect low-income households may induce 
political resistance. The overall benefits of decarbonization to the 
economy will enable governments to redistribute these gains to offset 
the distributional consequences of carbon pricing. 

The political responses to carbon pricing in most countries have been 
and will continue to be largely a function of issues and structural factors 
that are beyond the scope of environmental and climate policies [55,57, 
65]. Some governments, particularly in Europe, have been attaching 
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green strings to COVID-19 corporate bail-out packages and have 
promised to invest more in the low-carbon economy. As the Israeli 
economy starts to bounce back, policymakers should consider how 
measures can be designed to best support the transition to a low-carbon 
economy. It is also possible that the ongoing COVID-19 crisis that has 
dramatically escalated the budgetary deficit in Israel and elsewhere may 
increase the political feasibility of carbon tax as a new source of revenue 
that also corrects for a harmful externality. 
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