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Overview

Renewable energy (RE) technologies' market is on the rise, and the world is witnessing a new energy transition with many factors and drivers pushing it.





To properly understand this phenomenon, it is vital to apprehend the correlation between the development of economies and the different energy transitions through history. It is also important to understand the rationale behind the current transition to renewables and their economy, This article presents and discusses both points. 





The Energy Transition-Economic Development Correlation


The histories of energy transitions, development of economies and industrial civilizations, all go hand in hand[1][2]. Going back in time, people only needed to cover their basic needs, such as food, which -at the very beginning- was met by using firewood for cooking and heating[1][2]. Further in time, people started practicing agriculture in the first formed human communities, essentially depending on the sun for that practice, in combination with biomass[1][2]. 





As economies evolved and developed into complex forms, firewood and other biomass were no lonager able to meet the increasing demand in energy[1][2].So people started turning into hydropower, then to coal during the 19th century, oil and natural gas in the 20th, in addition to nuclear that was introduced in mid-20th century as well[1][2].





Therefore, it is apprehendable that each critical change in the economic system -along history- was always accompanied with a major energy transition -and vice versa-, shifting from one major energy source to another[1][2]. Currently, while fossil fuels (coal, oil and natural gas) are the dominant energy sources, the transition is already taking place from these sources into renewables (solar, wind, hydro... etc.)[1][2]. 

Though, the 21st century energy transition is going underway, not mainly because of change in human needs, but due to other factors as well[1][2]:


	Concerns about environmental impacts (degradation, greenhouse gas emissions GHG, climate change… etc.).
	The ongoing depletion of current energy sources, as they are limited and on the decline (millions of years to form, decades or less to consume).
	The continuous price and technological change of different energy sources and their technologies.





Considering the added costs to mitigate, adapt to or fight the environmental side effects of using fossil fuels, renewables might be the only option that people/societies/governments have to adopt, in order to reform the current economic system –at least in the energy sector- into a new one.





Challenges to Consider

Assuming that renewable energy sources will actually be able to take hold in the near future, then a few questions need to be argued and discussed beforehand: What renewable energy sources are available? How to determine an optimal renewable energy mix? How will optimum mixtures of renewable-energy sources differ based on location? How to determine and calculate the direct and external costs of renewable energy sources? How will the existing achievements of the renewable-energy sector affect the way energy is processed in current economy? What kind of changes in sectors as engineering, economy and policy would be needed to adapt to renewable energy sources?[2]





Scale is also an important issue. This is due to the fact that fossil-fuel technologies have been developed, improved and manufactured on an increasing scale for a century. This is not yet the case for renewables[3].





Economically, projections of energy sources’ prices and their technologies are vital for forecasting the economic options of the energy supply, also with few critical questions in mind: Should the choice of a technology be based on its current market price or because of its potential future cost reductions? Which technologies offer the most effective outcomes for specific applications? If the current technology is too expensive, should governmental subsidies help to achieve cost reduction for economic viability or is it better to wait for market forces –Smith’s invisible hands- to do the job?[4]












Rationale for Renewables


Reasons which have contributed to the acceleration of both public and private investment in renewable energy[2][5]:


	The growing demand for energy, which consequently requires a certain economic development.

	The fact that fossil fuels are finite, and negatively affecting the climate and polluting the air.
	The current critical environmental and climatic conditions, which drive the need to redirect energy technologies into more diverse, environmentally sustainable supply sources.

	The need to ensure future energy security. 
	Mostly for developing countries in particular: Rapid urbanization, economic growth, uprising demographic trends and severe climate change conditions.





Utilizing renewables would help to avoid these problems, create new job opportunities and reduce the drain on hard currency for poorer countries. Because conventional fuels have received long-term subsidies in the past, it is vital that governments support the development of renewables in the form of financial incentives that can create a level playing field [6].




The future of the renewables industry depends on finance, risk-return profiles, business models, lifetime's investment and a sum of other economic, policy and social factors. Many new sources of finance are possible such as insurance funds, pension funds and sovereign wealth funds along with new mechanisms for financial risk mitigation. Many new business models are also possible for local energy services, utility services, transport, community and cooperative ownership, and rural energy services [7].





Global Investements in Renewables

In 2011, the global investment in renewable power and fuels increased to a new record. Significantly, developing economies made up 35% of this total investment [8]. In addition, the whole period 2004-2017 has witnessed a remarkable increase in investments in renewables, either in different sectors, or for different technologies, in different countries with different economic systems, as illustrated in the following figures[9]. However, recent years have seen investments in renewable energy in the power sector stagnate. Yet, renewable power generation capacity continued to be installed at record pace mainly thanks to continuously falling technology cost. Notable trends for 2018 were that investments continued to be geographically more widely spread, with 29 countries now recording USD 1bn or more in investments (25 countries in 2017), and an additional 14 countries exceeding USD 500m.[10] 2018 also marked the fourth year in a row, where investments in developing countries were higher than in developed countries.[10]






  




  







  




  





Barriers for Renewables



Renewable energy technologies (RETs) continue to face a number of barriers. However, the major challenge is mainly economic, as the issue of renewable energy technologies' costs is vital and central for the prediction of how rapidly the current energy transition will be taking place[2][11]. The costs include: infrastructure investment, day-to-day operations, market costs of supply and the environmental costs of the different energy sources[2][11].




Therefore, the debate remains mainly focused on the economic and financial perspectives, particularly on the cost-effectiveness of renewable energy technologies, and the possible various economic incentives to promote renewables globally in terms of: regulatory design and affordability[11]. 











Economic Rationale for Renewables

While by 2014 the world was getting about 80% of its electricity supplies from fossil fuels[2], that percentage has gone down 3.5-4% only within 3-4 years[11][12]. In 2017/18 fossil fuels contributed approximately 76.5% to the global electricity supply, reflecting the rise in the global renewables' market[11][12].






  
Global Electricity Generation (IRENA et al., 2018).PNG







The cost advantage that fossil fuels used to have over renewable energy sources has been decreasing recently, with some renewable technologies (Solar PV, wind, hydropower) already competing fossil fuels directly on the financial frontier[2]. Furthermore, renewables' costs are expected to decline even further, and those of fossil fuels will incline[2]. The following two figures show that -while on one hand- the oil prices are on the rise during the 2000s, on the other hand, investments in renewables are on the rise during the same period, thus reflecting its competitiveness against oil in recent years.





  
The Change in Crude Oil Prices (USD per Barrel) Since 1861 with Accordance to Global Major Events (Cottrell et al., 2015)








  
Trends in RE Installed Capacity by Technology (IRENA et al., 2018)







The renewables' market development during the past 10-15 years had few moving factors, which can be summarized as follows:


	One outcome of the Kyoto Protocol, entering into force in early 2005, was the exponential growth of global investment in renewables[11].
	Rapid growth in energy demand for emerging economies, such as the cases of China & India, which are driven by transforming their energy industries[11][13].
	Uprising competition for energy sources[11].
	Inclining geopolitical tension[11]. 
	Energy security concerns[11].
	Increasing prices of oil and gas[11].
	Technological developments in the renewables' sector, and the emergence of more technology applications, especially generation of solar PV and wind power, which actually alone makes renewables more competitive, even without investment support[14][15].
	The need to commit to a long-term sustainable energy targets has further improved the climate for investments in renewables[15].
	Positive support of policy and law-makers in various countries, promoting scarcity of fossil fuels, their on-the-rise prices and climate challenges, which require adopting different energy approaches[15][16].
	Intensive research efforts, leading to improved system solutions with much higher efficiencies and lower production and operation costs[15].






  
RE Costs Declining, Policy & Regulations in Different Sectors Inclining (IRENA et al., 2018)








The Market Situation

Costs of Renewables

According to the most recent reports on renewable energy technologies, from IRENA, REN21 and IEA, electricity costs from almost all the renewable projects that were commissioned in 2017, have continued to decline[13][17][4]. Projects of bioenergy power, hydropower, geothermal and onshore wind, which were commissioned in that year, have widely fallen into the generation costs' range of fossil-generated electricity, and furthermore, some of these projects have actually undercut those of fossil fuels-based ones[17].





  
Global Levelized Cost of Energy (LCOE) from Utility-Scale Renewable Power Generation Technologies (IRENA, 2017)







The most common methodology for comparing different energy sources, is to calculate the Levelized Cost Of Energy (LCOE). LCOE measures lifetime costs, including building and operation of a power plant, divided by lifetime energy production/output[15][17][2].





  
Cost metric analysis for the calculation of LCOE (IRENA, 2017)






  
LCOE of Electricity by Renewables ($ per MWH) 2009-2017 (FS-UNEP, 2018)







As shown in the figure above, Global weighted LCOE of utility-scale solar PV has witnessed a remarkable drop (approximately 27%) since 2010, reaching USD 0.10/kWh for the new commissioned projects in 2017[17]. Under the right conditions, it will potentially decline to USD 0.03/kWh from 2018 onward[17].




Onshore wind is already one of the most competitive sources for generation capacity. Recent auctions in Brazil, Canada, Germany, India, Mexico and Morocco have resulted in LCOE as low as USD 0.03/kWh[17].




On the other hand, many auctions predict that by 2020, both Concentrated Solar Power (CSP) & offshore wind would have the potential to provide electricity with LCOE within the range of USD 0.06 - 0.10/kWh[17].





  
Global weighted average total installed costs and project percentage ranges for CSP, Solar PV, Onshore & Offshore wind 2010-2017 (IRENA, 2017)







The varying fall ranges in LCOE for solar and wind power in particular have been mainly driven by the reduction in total installment costs, which is affected by three main forces[17]:


	Technology improvements.
	Competitive procurement and the rise of patents and innovators in the sector.
	The consequent emergence of a large base of experienced medium-to-large project developers, who are actively seeking new markets globally.






Table.1: Costs' Fall Indicators for Solar & Wind Technologies[17]
	

	 % Drop in Installed Costs
	Period
	 % Drop in LCOE

	Solar PV Modules
	68
	2010-2017
	73

	Concentrated Solar Thermal Projects 
	27
	2010-2017
	33

	Onshore Wind Projects
	20
	2010-2017
	22

	Offshore Wind Projects
	2
	2010-2017
	13






Based on current installed projects and auction data, in combination with mass production increase and specific investment costs, electricity from renewables -sooner rather than later- will be cheaper than that from fossil fuels[15][17]. All the renewable power generation technologies are expected to fall within the fossil fuel cost range, with the majority having the potential to undercut it[15][17]. This will significantly lower the LCOE of all technologies, eventually leading to a market potential increase and development for renewables[15][17].





Table.2: The rise of installed RE total capacity (MW) during the past decade worldwide[18]
	

	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017

	World
	1057962
	1138759
	1225714
	1329346
	1443834
	1564607
	1691997
	1848739
	2012430
	2179099

	Africa
	23381
	24986
	26940
	27319
	28485
	30639
	32666
	34511
	38603
	42139

	Asia
	311727
	350065
	387550
	433754
	478239
	553680
	629202
	720667
	812276
	918655

	Central America & Caribbean
	7049
	7299
	7611
	8418
	9291
	9605
	10304
	11972
	13406
	13801

	Eurasia
	66344
	67753
	69699
	71495
	76694
	80880
	84325
	88149
	91402
	96326

	Europe
	273874
	296492
	322563
	359975
	394398
	419127
	440577
	465369
	488715
	512348

	European Union
	217030
	239487
	265218
	301797
	334778
	357654
	378224
	402253
	423352
	445496

	Middle East
	11910
	12021
	12852
	13278
	13940
	14811
	15668
	16950
	18021
	18920

	North America
	207611
	220419
	232278
	242967
	264855
	272103
	284734
	307325
	331270
	347635

	Oceania
	17172
	17727
	18406
	19785
	21389
	22213
	23828
	24677
	25640
	27155

	South America
	138894
	141997
	147814
	152355
	156544
	161548
	170694
	179119
	193097
	202120











Costs of Fossil Fuels

Costs relative to fossil fuels are also important particularly because:

1. Fossil-fuel energy does not reflect its full social and environmental costs. 



	Climate change has been described as the "biggest market failure in history" (Stern Review, 2006) because the environmental costs associated with carbon emissions are not included in market prices.

	Furthermore, fossil fuels are subsidized for about US$300 billion per year. Removing theses subsidies and incorporating externalities into fossil fuel costs would dramatically change relative costs[3].
	An IMF working paper analysing 35 countries also found that fossil fuel subsidies are inefficient in supporting the poor with 93% of subsidies going to the top 60% of income groups.[19]

	Also the external costs which are related to the use of fossil fuels, stemming from different causes: pollution and environmental degradation as a consequence of extraction of resources, indoor and outdoor air pollution, resulting from direct fuel combustion, as well as non-combustion emissions (e.g. industrial processes)[20].
	Fossil fuel subsidies act as a negative price on carbon. Their removal has the potential to reduce CO2e-emissions by 6.4 to 8.2% by 2050 while resulting in significant fiscal savings.[21]








  
External Costs as a Share of GDP & Possible Reduced Externalities with IRENA's Renewable Energy Map Tool's Options (Markandya et al., 2016)








	Further side effects, which also could add to the externalities, as fossil fuels produce: Sulphur oxide SO2, mono-nitrogen oxides NOx, particular emissions PM2.5, ammonia NH3 and volatile organic compounds VOCs, which can cause: adverse human health effects, reducing agricultural yields, damaging forests, buildings, and infrastructure[20]
	Currently, the climate change and air pollution's external effects -alone- are approximately in the range of 2.2-5.9 trillion USD per year, while the all-in-all cost of the global energy supply is around 5 trillion USD per year[20]. The externalities of air pollution, caused by fossil fuels in Europe alone, were recorded ranging between 330 billion-940 billion USD in 2010[20].





2. It is more expensive to deliver non-renewable energy in some places than others.



	For example, rural or remote communities in developing countries are often not connected to the grid, resulting in "off-grid" energy production - particularly solar power - being more competitive than extending the grid[3].





3. Fossil Fuels are fast depleting and scarcer than RE


	Fossil fuels are finite, as upon being consumed long enough, global resources will eventually run out[22].
	For a proper estimate of how long can current fossil fuel reserves be consumed for, the following figure (Fig,16), has been plotted by dividing the quantity of known fuel reserves by the current rate of production (Reserves-to-Production R/P)[22].






  
Years of Fossil Fuel Reserves Left (Ritchie, 2017)











Market Competition - Renewables V.s. Fossil Fuels

As the markets develop, the costs normally do as well, as both developments go hand in hand[4][2]. The previously mentioned factors push the market to increase its renewables' volume, leading to economies of scale. On one hand, this reduces the price and later the actual costs of the technology, while on the other hand, reduced prices increase market volumes, again producing economies of scale, eventually resulting in a feedback loop, that either way paves the path for renewables[4][17].




The continuous pressure on market prices and its margins is rapidly forcing the market to change, as renewables' costs have considerably declined and are still on the decline[4]. Their costs are expected to go down even further over the coming few years[12][4]. Furthermore, adding to renewables' economic evolution, both public commitments and the maturing technologies, investments in renewables have rapidly increased turning the renewables industry to a very competitive sector against other energy resources[4]. However, the competition is not only limited within the energy or power sector itself, but different renewables are even starting to compete against each other within the renewables' sector itself[12][4].





Table.3: Cost Development of RE different technologies[4][15][17]
	Technology
	Market & Costs' Development
	Why?
	Future Projections

	Solar PV
	
	Rapidly declining annually
	Declined by 58% between 2010-2015
	Modules are 80% cheaper than they were in 2009
	Cost of generated electricity dropped to 3/4 and continue to decline 2010-2017


	
	PV modules' technology & manufacturing improvements
	Rapid deployment


	
	Trend is likely to continue
	Another 57% drop by 2025



	Wind Power
	
	Has been the most competitive renewable technology against fossil fuels technologies since 2015

	50% price drop 2010-2017
	Onshore wind electricity costs have dropped by approximately 25% since 2010


	
	Their prices have already dropped since 1990s
	Remained steady along the past decade


	
	Further technological development and price drop
	Further drop in the overall generation costs, as the average capacity factor grew, turbines are more efficient, generating more electricity per turbine



	Concentrated Solar Power (CSP) & Solar Thermal Energy (STE)
	
	Decreased in costs
	Parallelly moved into new market sector

	Specific generation costs per MWh significantly fell


	

	


	Hydropower
	
	The overall market volume in the past decade was greater than earlier decades


	
	Very mature as it is the oldest RE technology, since 1868


	
	A little chance to further cost reduction



	Biomass Power
	
	Competitive power generation option wherever low-cost agricultural or forestry waste is available



	

	
	New technologies are emerging, hence there is potential for cost reduction 








With costs of renewables are continuing to fall, drastically in solar PV, followed by wind and concentrated solar power closely behind, the global installed capacity has exponentially grown[12][4]. A world record amount of recently installed renewables' (especially solar PV, wind, CSP & hydro) capacity has been added in the past few years[12][4]. Thus adding up to almost two thirds of the all new generating capacity installed globally in 2016[12][4].




Renewables' power capacity investments have by far surpassed those of fossil fuels in the year 2017[12]. The renewable energy market has been catalyzed by increasing innovation, competition and policy support[12]. Hence, radical technological advances and sharp cost reduction in renewables' sector have been achieved, pushing renewables to outpace any other technology source[12].





  
Renewables Vs. Non Renewables in Global Capacity Additions 2001-2016 (IRENA et al., 2018)








Economically Accelerating the Energy Transition to Renewables


Though renewables' market is inclining, and most probably will do so for the coming decades, most of the recent reports suggest that it would still not be enough to meet the global goals by 2030. Therefore, the following section presents some strategies that can push and encourage investment in the sector.




Expansion of Renewable Energy Use:



	The basic economics of renewable energy need to be artificially altered, either by increasing the cost of fossil fuel-based energy (e.g. through taxes, removing subsidies or equivalent mechanisms), or by reducing the costs of renewable energy (e.g. subsidies), or by boosting the returns to renewable energies (e.g. through paying a premium for this form of energy) [3]. Removal or gradually reducing governmental fossil fuels subsidies is being carried out in some cases (e.g. Egypt in the past 2-3 years)[2][23].
	Developing countries should not necessarily be required to meet these costs. This is particularly so where the development of renewable energy capacity may place countries at a competitive disadvantage and/or these countries bear no responsibility for climate change. The costs should be met by countries that do bear these responsibilities. 
	Declining renewables' costs, which is also already taking place[2][17].
	Implementing new renewables' financial policies[2][12].





The following points provide a set of requirements and recommendations for a successful and more efficient cost reduction policies for renewables[11]:


	Encouraging domestic manufacturing of renewables' equipment: the example of the Chinese case would be the best to illustrate this point, since the Chinese low-cost equipment have achieved a lot for the promotion of affordable renewable projects around Asia[11]. 
	Reducing institutional barriers: experience has shown that institutional dysfunction always leads to delays, consequently having a major impact on the economic value of the projects in hands.
	Grounding renewables in the economic analysis and applying market principles.
	Enhancing transmission grids and supporting transmission integration. 






Future Projections of Fossil Fuels & Renewables' Costs

A survey conducted by REN21 in their 2017's Renewables Global Future Report, resulted in a noticeable uncertainty regarding future projections of fossil fuels costs' development[4]. One third of the participating experts expected a rise from the 2015's recorded average of USD 52, to over USD 1000 in the near future while the second third completely disagreed with the first, and the final third remained uncertain and neutral with both opinions[4].





  
Experts' uncertain expectations regarding fossil fuels' cost development (REN21, 2017)







On the other hand, with the current market changes in the energy sector, and the remarkable technological achievements, especially for solar PV and wind technologies, the estimates of future renewables equipment cost were found to be more predictable, less risky with a significantly higher certainty than fossil fuels, as about 3/4 of the survey participants agreed that renewables' costs will continue to fall and in more accelerated fashion than that of fossil fuels[4]. 




Furthermore, the majority of the survey participants believed that the investments in renewables will continue rising along the coming decades, at least until 2050[4].





  
Experts' predictions regarding the continuity of renewables' costs fall (REN21, 2017)








  
Experts predict investments in RE to continue rising through the coming decades till 2050 (REN21, 2017)








Further Information

	Assessing the Economic Viability of Business Ideas for Productive Use

	Economic and Financial Impacts of Grid Interconnections

	Economic Viability of a Biogas Plant

	Economic Analyses of Wind Energy Projects

	Macro-economic evaluation of Biogas Plants

	Socio-economic and Environmental Impacts of MHP

	Subsidies
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