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Abstract: China is now the world leader with green capital actually creating renewable energy 
technologies. We address the possibility of whether China can emerge a new ecological civilization, 
as well as become the global leader to reach climate security. In particular, China has the potential to 
implement a solar energy infrastructure in the deserts of the Middle East as part of the Belt and Road 
Initiative, mainly in the form of concentrated solar power. The creation of this renewable energy 
capacity could supply electricity to much of the world, as well as power the direct air capture (DAC) 
of carbon dioxide with a permanent burial in the crust, in particular, using the ultramafic deposits in 
Oman. This realization would increase the chances of not breaching the International Panel on Climate 
Change (IPCC) warming target of 1.5 ℃, of course only if coupled with the termination of utilizing 
fossil fuels as early as possible and their replacement with renewable energy supplies globally. In this 
context, our pioneering model establishes that coupling a DAC-driven drawdown of atmospheric 
carbon dioxide with a rapid increase in the renewable energy capacity is more than capable of 
producing enough clean energy to eliminate energy insecurity globally (to all 8–10 billion humans) 
and to provide energy for the drawdown for the rest of the 21st century, thereby reducing atmospheric 
carbon dioxide to safe levels. This contingency will likely only be realized with a shift to demilitarization 
of the global economy. Likewise, this potential emergence of China as the global leader for climate 
security would likely inspire the push for a global Green New Deal to make this goal possible. 

Keywords: China; concentrated solar power; deserts; climate security; drawdown of atmospheric carbon 
dioxide; sequestration; direct air capture 
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Abbreviations: CSP: Concentrated solar power; COP: Conference of Parties; DAC: direct air capture; 
BRI: Belt and Road Initiative; GND: Green new deal; EROI: Energy return on energy invested; IPCC: 
Intergovernmental panel on climate change; NET: Negative emission technology; RE: Renewable energy 
Units: EJ: exajoule (1018 joule); GJ: gigajoule (109 joule); GT, Gt: gigatonne (109 tonne); GW: 
gigawatt (109 watt); MW: megawatt (106 watt); TW: terawatt (1012 watt)  

1. Introduction 

Climate catastrophes with a greater magnitude than are currently witnessed are real possibilities 
this century. As the most recent Intergovernmental Panel on Climate Change (IPCC) report tells us, 
there is still a chance to keep warming at no more than the 1.5 ℃ target, though tipping points to much 
worse climate catastrophes than we are currently witnessing will likely kick in if this target is breached. 
A very recent assessment concluded that the remaining carbon budget for a 50 percent chance of 
keeping warming to 1.5 ℃ is around 250 GtCO2 as of January 2023, which is equal to around six years 
of the current CO2 emissions [1]. 

It is now clear that ongoing wars, in particular the Ukraine war and the Israel/Palestinian conflict, 
create huge obstacles to the global cooperation necessary for any chance of meeting the 1.5 ℃ warming 
target. Please take note of the Science editorial from March 31, 2022, “To solve climate, first achieve 
peace,” which recognized this obstacle and called for the imperative cooperation of the United States 
and China to reach the goal of climate security [2,3]. Since conventional oil has the lowest greenhouse 
gas footprint of all the fossil fuels (with coal and natural gas having the highest footprint, which should 
be phased out first), we should recognize the potential of oil-producing countries such as Saudi Arabia, 
Iran, and Venezuela to extract, the minimum amount of conventional oil necessary as an energy source 
to rapidly build renewable energy technologies especially in the Global South, while phasing out global 
fossil fuels as quickly as possible; at the same time, there is a potential to earn revenues from such a 
production to improve the quality of life of their own people [4]. 

Recognition of the huge potential for tapping the incoming solar flux to global deserts has led to 
the founding of the Trans-Mediterranean Renewable Energy Cooperation in 2003, which evolved to 
the non-profit Desertec Foundation in 2009 [5,6]. It was estimated that less than 10% of the area of the 
Sahara Desert would be sufficient to meet the world’s electricity demand with a Concentrated Solar 
Power (CSP) siting [5]. However, this project has only been implemented at a scale far less than 
originally imagined, with a variety of identified obstacles, including internal conflicts of its multiple 
participants, the impact of the 2009 global financial crisis, and critiques of its Eurocentrically focused 
organization [7,8]. Nevertheless, a Moroccan concentrated solar plant (CSP) that started with a 160 MW 
capacity, is currently expanding to include a supplementary photovoltaic installation [9]; with the 
proper channeling of investment capital from the world’s nations, this initial plant is just one of tens 
of thousands that could be quickly erected. 

In what follows, China’s capacity is analyzed, specifically how China can take the lead for climate 
security by promoting investments in concentrated solar power in the deserts of the Middle East, 
alongside a sufficient capacity to drive the permanent storage of sequestered atmospheric carbon 
dioxide in the ultramafic deposits of Oman on the eastern side of the Arabian desert. We provide model 
calculations to demonstrate that this potential project can meet the 1.5 ℃ warming target if commenced 
soon in a 20-year transition to a global renewable energy supply, which would replace all fossil fuels. 
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2. China can take the lead for climate security with their Belt and Road Initiative (BRI) 

China can take an historic lead in promoting a renewable energy transition within the Middle East 
and confront the increasing climate threat. China is the world leader in green capital, actually creating 
renewable energy supplies; however, this green capital is still coupled in the Chinese economy with 
powerful sectors dedicated to the continued implementation and importation of fossil fuels, as well as 
an ambitious plan to build hundreds of new nuclear fission reactors [10,11]. China can potentially 
become the global leader in not breaching the 1.5 ℃ IPCC warming target [12–14], effectively 
becoming the global leader for climate security. We suggest that China should consider ending its plan 
to build hundreds of nuclear reactors [15–17], proceed with the rapid phaseout of utilizing coal, and 
accelerate the creation of renewable energy supplies. A significant expansion of nuclear fission power 
will add incremental heat to the Earth’s surface, which could contribute to exceeding the 1.5 ℃ 
warming target, since every 0.1, or even 0.01 ℃, increase above this target constitutes a potential threat 
to bring on tipping points that can lead to much worse climatic impacts. In a new project of the Belt 
and Road initiative (BRI), our undermentioned modeling reveals that China could build solar power 
in the Arabian and Sahara Deserts to supply electricity to the whole region and Africa, while powering 
the direct air capture (DAC) of carbon dioxide and the permanent burial of carbon as carbonates in the 
crust of Oman. DAC with a permanent burial as carbonates in the crust ais a carbon removal technology 
that will be imperative, along with restoring natural ecosystems and replacing industrial agriculture with 
agroecologies, given that the atmospheric carbon dioxide level must be brought down to below 350 parts 
per million and is kept there as the ocean re-equilibrates with the atmosphere. As imperative as a shift 
to agroecologies and the restoration of natural ecosystems are, solely relying on the soil carbon pool 
will likely be insufficient to do this job because of the saturation of this pool and the limits imposed 
by additional warming, even if it is kept below 1.5 ℃ [18]. We take note of the recent assessment by 
Richard Betts (Head of Climate Impacts at the UK Met Office and University of Exeter) that 1.5 ℃ of 
global warming is a marker as to where we should become increasingly concerned, and tipping points 
to much worse global impacts will kick in if this warming target is breached over time; he recognized 
that there is uncertainty regarding how long will it take for overshoot will trigger, and pointed to the 
IPCC estimate of a 20-to-30- year average to breach 1.5 ℃. Furthermore, Betts concluded that carbon 
removal technologies (i.e., Negative Emission Technology (NET)) will be needed to effectively 
address overshooting the temperature and atmospheric carbon dioxide levels [19].  

We model a form of NET, namely, the DAC of carbon dioxide, which entails the permanent 
burial (of carbon) in the crust powered by renewable energy. While other mafic and ultramafic deposits 
around the world are potential sites for this drawdown, we point to the very large Oman ultramafic 
site, where Kelemen and his team estimated that it could absorb and permanently bury up to 100,000 
metric tons of CO2 every year by speeding up the natural reactions by drilling several kilometers down 
to higher temperatures and pumping in seawater saturated with CO2 drawn from the air [20]. Many other 
potential sites are globally available for ultramafic/mafic rock carbon sequestration [21, Figure 5]. 
Kelemen’s project emphasized that while the natural carbonation of the peridotite from the Oman 
deposit is rapid, it can be significantly accelerated with a potential of greater than 1 billion tons of 
CO2/year, thereby facilitating a low-cost, safe, and permanent method to capture and store atmospheric 
CO2 [22]. Progress to implement this approach has already been made with the agreement of the Oman’s 
Ministry of Energy and Minerals (MEM) to a concession for the world’s first commercial-scale 
peridotite mineralization project, starting in the Hajar mountains in 2014. This will be the largest 
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peridotite mineralization project in the world. The project will transfer atmospheric CO2, dissolve it in 
water, and then inject it into peridotite formations deep underground, where it will mineralize (i.e., 
turn it into rock) for the permanent storage of sequestered CO2 [22]. Minerals within the peridotite, 
namely olivine and pyroxene, react with the carbon dioxide extracted by the DAC technology and 
water (derived from seawater) to form serpentine and calcite, which results in permanent storage in 
the crust of atmospheric carbon dioxide as carbonates [18,22]. 

The China Solar Thermal Alliance is an ongoing initiative to build CSP in deserts [23]. They 
computed a total of 23,398 terawatt-hours generated by CSP, which corresponded to a land area of 
about 1.6 percent of the Sahara Desert. This power generation is equal to 2.7 terawatt-years, which is 
approximately the present annual global electricity consumption level, while the present global 
primary energy consumption level is 20 terawatt-years. This Saharan land area devoted to CSP could 
be reduced by siting the CSP on other deserts including the Arabian Desert. Global energy needs will 
very likely require even more than 20 terawatts for climate adaptation and mitigation, which would 
mainly be generated by CSP, oceanic wind farms, and photovoltaics on roofs and floating platforms [18].  

Therefore, since we could not find any previous modeling-based consideration of CSP 
development in Middle Eastern deserts sufficient enough to power the DAC of carbon dioxide with its 
permanent burial by means of chemical reaction in the ultramafic complex of Oman, and thereby 
contribute to the global goal of not breaching the 1.5 deg C warming target, we present the following 
modeling results. 

3. Actual model calculations and results 

Our modeling of the total renewable energy capacity and gross CO2 emissions over time (based 
on our 2021 paper with minor changes) is coupled with simultaneous DAC drawdown and the 
implementation of two different scenarios of the fossil fuels drawdown [18]. The equations and 
definitions of the model parameters are shown in Table 1. 

Table 1. Equations and definitions of model parameters (from Table 2, reference [18]). 

Equations: 
1a. 𝑑 𝑃 /𝑑𝑡  𝑀/𝐿 𝑓 𝑃   𝑀/𝐿 𝐹 𝑃  

Solution: 𝑃   𝑓 𝐹 𝑃 𝑒  / – 1  

1b. 𝑅∗  𝑃   𝑃  
2. Total CO2-equivalent emissions   𝑆𝑢𝑚 𝐸𝑥 ∙ 𝐹𝑥  
Definitions: 
𝑅∗ is global primary energy consumption relative to the consumption in 2018 corresponding to 19 TW in power units
𝑃  is the global primary energy consumption of non-RE at time t
𝑃  is the global primary energy consumption of RE at time t
𝑃  is the 2018 global primary energy consumption 
𝑓 is the fraction of RE (wind, photovoltaics, concentrated solar power (CSP)) invested to make more of itself, where 
CSP is applied mainly in deserts 
𝐹  is the fraction of the non-RE supply equal to present primary energy consumption level 𝑃  invested to make 
RE Technology (constant amount invested over the 20-year transition to 100% renewable supply) 
𝑀 is the Energy Return/Energy Invested Ratio (EROI) for the RE Technology
𝐿 is the Lifetime of the RE Technology 
𝐸  is the energy consumed annually by each energy source 
𝐹  is the emission factor for each energy source
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The model shown in Table 1 provides two basic scenarios for the development of the energy 
transition. These are presented in Table 2. 

Table 2. Model Results (Scenario I (20-year ramp down of Coal & NG), Scenario II (10-year 
ramp down of Coal & NG)). 

Scenario I 

Year  01 11 202 

Total energy [EJ] 602 666 1075 

Total FF3 [EJ] 520 287 0 

Total RE4 [EJ] 12 346 1075 

CO2 emissions/yr [GT] 50.7 27 0 

Cumulative CO2 emissions [GT] 50.7 471.4 583.6 

DAC energy draw (Lo/Hi) [EJ]  7/21.4 70/214 

DAC CO2 drawdown [GT]  2 20 

DAC cumulative drawdown [GT]  2 110 

Scenario II 

Year  01 11 202 

Total Energy [EJ] 602 533 1075 

Total FF3 [EJ] 520 154 0 

Total RE4 [EJ] 12 346 1075 

CO2 Emissions/yr [GT] 50.7 12.6 0 

Cumulative CO2 emissions [GT] 50.7 368.9 424.4 

DAC energy draw (Lo/Hi) [EJ]  7/21.4 70/214 

DAC CO2 drawdown [GT]  2 20 

DAC cumulative drawdown [GT]  2 110 

*Note: 1 Year 0 is 2018; 2 Year 20 is 2038; 3 𝐹  = 0.03; 4 RE is wind & solar only. 

In the two scenarios, energy generation (renewables, “RE”) and the phase out (fossil fuels etc.) 
were modeled over the next twenty years (beginning with 2018). For Scenario I all coal, natural gas, 
and other non-solar and non-wind energies were reduced in a linear fashion (5% a year) for the 20 
years, and reached zero use in the final year. At first, petroleum was reduced less rapidly, but still 
decreased to zero in the final year. Scenario II is similar to Scenario I, except coal and natural gas were 
reduced linearly over the first 10 years to zero (10% a year). These scenarios are equivalent to our 2021 
paper, except in this modeling, where we include the fact that wind and solar energy production starts 
at 12 EJ in year 0. In both scenarios, DAC began in year 11 with 2 GT of CO2 drawdown and ramped 
up linearly until they reached a 20 GT drawdown in the final year. We computed global renewable 
energy creation similar to our 2021 paper [16], with a significant fraction being generated in Middle 
Eastern deserts by CSP development (see reference [23] for this potential). The inputs and results are shown 
in Table 2 and Figures 1–3. This table and the three figures show that the net energy (total energy generated 
for society minus drawdown energy) in the form of 100% renewables at the culmination of the 20 year 
transition ranges from 1005 EJ (31.9 TW in power capacity) to 861 EJ (27.3 TW in power capacity), with 
drawdown power capacities of 2.2 to 6.8 TW, respectively, which correspond to the low (3.4 GJ/ton CO2) 
and high (10.7 GJ/ton ) estimates of energy required for this mode of drawdown for on-land peridotite [18]. 
These drawdown energy capacities were computed assuming the creation of a 20 GT CO2/year 
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drawdown at the end of the 20 years RE transition. We incorporated this level of drawdown as pointed 
to in Fox (2021) and referenced in [20], with the goal of limiting global warming to no more than 1.5 ℃ 
by creating the capacity of removing between 100 billion and one trillion tons of CO2 from the 
atmosphere by the end of this century. With a start in 2050, this would be equivalent to sequestering 
two billion to 20 billion tons of CO2 every year.  

 

Figure 1. Net CO2 emissions (cumulative). 

Comparing scenarios I and II (20- and 10-year ramp down of coal/natural gas, respectively), we 
note that the cumulative CO2 emissions are lower for scenario II, with the net cumulative CO2 
emissions being the lowest for scenario II, with a drawdown corresponding to 300 GT (noting that 
reference [1] cites 250 GT starting January 2023 for a 50% chance of not exceeding the 1.5 ℃ warming 
target). A more aggressive drawdown than assumed in our modeling could further reduce the net 
cumulative emissions of CO2, thereby increasing the chances of meeting this 1.5 ℃ warming target. 

Figure 3 shows that assuming a higher investment of energy to create the RE capacity will result 
in an even higher cumulative net energy corresponding to the form of 100% renewables at the culmination 
of the 20-year transition ranges from 1670 EJ (53 TW in power capacity) to 1530 EJ (48 TW in power 
capacity), which further corresponds to the low and high estimates of energy required for this mode of 
drawdown as previously cited. 
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Figure 2. Net energy available (with 𝐹 0.03). Net energy = Total energy production – 
energy diverted for DAC. 

 

Figure 3. Net energy available (with 𝐹 0.05). Net energy = Total energy production – 
energy diverted for DAC. 

Whie not assessed here, the financial feasibility should be considered in the context of not 
addressing the imperative drawdown of atmospheric carbon dioxide and its long-term impacts on 
global civilization and biodiversity. For example, consider the cost of a fast renewable 
transition/phaseout of fossil fuels versus breaching the warming targets. Way et al. [24] made this 
very clear: “Transitioning to a decarbonized energy system by around 2050 is expected to save the 
world at least $12 trillion, compared to continuing our current levels of fossil fuel use.” In addition, Wu 
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et al.’s [25] model of the possibilities for a global system to provide 100% renewable energy concluded 
that a globally interconnected system would reduce storage costs by 50% and reduce the total costs of 
a RE transition by 20% compared to systems that are not globally interconnected.  

Regarding the ecological impact of our modeled project, we emphasize that only 1.6% of the 
Sahara Desert is required for a 2.7 TW CSP power capacity [23]. Hence, ~5% of this land area will 
generate a CSP power capacity of 8.4 TW, which is sufficient to supply the average energy for a 
drawdown corresponding to a power capacity of 4.5 TW in the Oman ultramafic deposit, alongside an 
additional 3.9 TW to provide energy for most of Africa in 2050 (whose population is expected to be 1.7 
to 2.5 billion, with the lower projection assuming a decrease in the birth rate as a result of a higher 
quality of life and climate security). If this drawdown energy were to be generated only in the Arabian 
desert, then ~10% of its land area would be required. Drawdowns in other mafic/ultramafic deposits 
around the world would reduce these land area estimates. 

4. A global green new deal 

Of course, unless global fossil fuel consumption is ended soon, at the same time as there is a 
significant buildup of renewable energy supplies, the 1.5 ℃ warming target will be exceeded. 
Therefore, the enemy of humanity, namely militarized fossil capital and its political instruments, must 
be defeated by a transnational movement driven by a very broad coalition [26,27]. In the future, the 
best economic and social system for people would be a global solar-powered civilization [28,29]. 

Recent proposals for a Green New Deal (GND) have focused on the U.S. and Europe [30,31]. 
Promoting a global GND a viable strategy to defeat militarized fossil capital, and in its initial stages 
should capture truly green capital as an ally [26,27,30–35]. However, green capital is a problematic 
ally, since it is also a driver of extractivism with its negative impacts on nature, communities, and its 
workforce. In this regard, the recognition of critical issues should inform the development of renewable 
energy supplies in this region, including the need for a democratic input and management, the 
challenge of “green” colonialism, especially in the context of the COP process, and the goal of true 
transition away from fossil fuel dependence [36,37]. Therefore, a transnational movement must also 
confront green capital with the goal of minimizing these impacts, with full respect for the rights of the 
peoples impacted, notably the Indigenous communities around the world and peoples in the Global 
South. There are already solutions available that can sharply reduce the negative impacts of extractive 
mining, particularly as renewable energy infrastructure replaces fossil fuels. In particular, renewable 
energy allows for the efficient recycling of metals without the negative impacts of relying on fossil 
fuel energy, i.e., “Forward look: A solar powered recycling revolution” [38], see also [32]. 
Furthermore, as the fossil fuel and the military industrial complex material infrastructures are 
dismantled in a progressively demilitarized world coupled with a transition to renewable energy, huge 
supplies of metals will be available for recycling, which significantly contributes to the phaseout of 
mining. We have already witnessed a shift from technologies that need rarer elements, for example, 
lithium for batteries, to more common elements such as sodium [39,40]. China has invested $100 
billion in metals and mining in their BRI as of August 2023, which is its third biggest investment, with 
a primary energy ranking at $400 billion [41,42]. As a leading scholar of transnational capital, William 
Robinson has pointed to the negative impacts of this extractive mining sector of the BRI [43]; however, 
at the same time, he recognized the full significance of the investment in renewable energy by the 
world’s leader of green capital. Robinson expanded on his critique of the BRI and China’s impact [44]. 
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The Global China Unit has provided a comprehensive assessment of China’s extractivist impact in the 
BRI [45]. For a more positive assessment of the BRI, see [46]. 

It is encouraging to see that China has recently emphasized that it “is working together with 
partner countries and international organizations to build a cooperation mechanism for green and 
low-carbon development under the BRI framework, promote green development, and address climate 
change” [47]. The leading science journal Nature promoted this cooperation [48]. 

The defeat of fossil capital will very likely require the emergence of a global subject with 
sufficient power to prevail [49]. Likewise, the emergence of China as the global leader of the struggle 
for climate security can inspire a transnational movement for a global GND to make this goal possible. 
Moreover, China should be joined by all nations as soon as possible, starting with the United 
States, to achieve climate security in a global regime of cooperation, which is currently advocated 
by China [12–14]. 

We should recognize China’s enormous achievement of lifting hundreds of millions out of 
poverty in just a few decades, bringing the Chinese people’s life expectancy to a global rank in 2023 
of 47, with the United States ranking 59 [50]. Hence, there is a strong basis to hope that China can 
contribute to this path forward for humanity in the next few decades, which is critical for any chance 
at meeting the 1.5 ℃ warming target.  

5. Conclusions 

Our two scenarios showed the variation in the required energy needed for the drawdown of 
atmospheric carbon dioxide (“high, low”). The model results provided a net energy after a 20-year 
transition to 100% renewable energy supplies, which ranged from a 31.9 TW power capacity for the 
low drawdown energy to a 27.3 TW for the high drawdown energy (i.e., with 14% less net energy 
generated). The corresponding drawdown energy capacities were 2.2 and 6.8 TW, respectively. This 
range of net energy was consistent with the estimated levels required to end global energy poverty and 
has the capacity to address climate adaptation along with the provision of the drawdown energy for 
mitigation [18].  

Therefore, with our novel model calculations, we showed that this proposed project led by China 
in the context of the BRI on technical grounds has the potential to provide global climate security by 
not breaching the 1.5 ℃ warming target, thereby minimizing the growing threats to human civilization 
and biodiversity as we know it. This finding, which firmly establishes what is technologically possible, 
should motivate urgent action across all political institutions. However, success in this regard is 
obviously contingent on a near future dramatic change from the present tensions between the United 
States and China going forward to a new global regime of cooperation and peace. All peace-loving 
people around the world should consider their responsibility to help create this future for the youth and 
generations to come in this century. This requires the appropriate formation of human contact zones at 
all levels: Global, international, national, and local [51]. The alternative is a world of climate hell, with 
climate catastrophes occurring on a much bigger scale than now witnessed, all which can still be averted. 
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