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For the EU, US and China, the Covid-19 recovery is an opportunity to 
accelerate in the race to dominate energy transition industries and boost 
sustainable growth and job opportunities. All three countries have 
included sizable green commitments in their stimulus packages, though 
the US and EU far outpace China in this regard (green share of stimulus at 
30% in the US (with Biden’s new proposals), 20% in the EU and 5% in China1. 
Chinese suppliers are currently dominant in the PV as well as the battery 
markets, while European suppliers have a lead in wind turbines (see Figure 
1). Looking at the current construction projects for adding battery 
production capacities, we see that the battery market is quiet agile, with 
the EU likely to gain 5% market share by 2022, and China likely to lose 10%.  
 
Figure 1 – Global climate market supply shares for key green technologies 

 
Source: Allianz Research. Own calculations based FTI (2018), Lacal-Arántegui (2019), Statista  

(2021) and IEA (2020b). 

                                                             
1 Sources vary widely on the exact shares. We relate here to WRI (2020) and updated the figures. 
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But size matters for success: a large local market is needed to realize the 
necessary economies of scale and vertical integration opportunities to 
remain competitive. Figure 22 shows that a doubling of the cumulative 
produced global capacity results in cost reductions of 10%-25% for wind, 
30%-38% for PV components, 36% for EV batteries, 28% for electrolysis and 
25% for fuel cells. These cost reductions translate directly to price 
reductions, for instance in the electricity costs – the so called levelized costs 
of electricity (LCOE) – of the associated technologies (Roser, 2020)3.  
 
What explains these cost reductions? Producing more offers the 
opportunity to learn how to improve the process. The resulting price 
decrease leads to additional demand that leads to additional production 
that leads to additional learning. This learning-by-doing is part of the 
innovation process that, along with directed research and development, 
most visibly is documented through patenting activities. Other drivers of 
cost reduction include economies of scale, innovation incentives and 
spillovers due to a larger market size and growth-driven vertical 
integration opportunities. The resulting learning curves or experience 
curves are historically well documented for widely differentiated goods, 
with the classical example being Ford’s Model T production that 
revolutionized the car market. The best known case is probably the 
computer industry and the corresponding ‘Moore’s Law’ that predicts a 
doubling of the transistors in a CPU (and a corresponding increase in 
computing power) every two years.  
 
Governments are also essential. For instance, bringing solar PV from the 
laboratory to the market required substantial research funding as well the 
stimulation of early adoption through subsidies to foster the innovation 
process. While the technology was at first only applied for satellites, it 
found further niche applications throughout the 1980s. The government 
feed-in tariff in Germany in the 1990s was particularly important to build a 
market and with increasing potential, more countries and companies 
increased R&D funding, patent numbers accelerated and costs fell.   

                                                             
2 Both axes are scaled in logarithmic values, which is crucial for revealing the seemingly ‘linear’ relationship. The apparently more 
intuitive display of the year on the x-axis will result in a convex line for the typical case that the dots for the years move closer 
together as produced capacity extends. This results from constraints that become binding and that prevent a doubling of the 
market size in constant intervals. Exponential market size growth will eventually stop. The representation in produced capacity is 
immune to this as the time dimension is irrelevant. While the figure displays the relation to cumulative capacity additions, it looks 
similar for marginal capacity additions. 
3 The LCOE are an incomplete measure of competitiveness though, as they do not include e.g. cost differences in providing the 
electricity in the grid in balance to the demand. A more complete measure of the cost of providing electricity to the market 
includes the levelized avoided cost of electricity (LACE) (IEA, 2020c). 
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Figure 2 – Experience curves 

 
Source: Allianz Research. Own estimates and data from Schmidt et al. (2018) and IRENA Renewable Costs Database.  
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Figure 3 relates to this stage as ‘early adaptation’. But the extension of 
feed-in tariffs, deployment targets and privileged transmission net access 
ultimately resulted in mass market penetration and the establishment of 
solar PV as the cheapest electricity-producing technology at the margin. 
Now, the relevant issue for efficient market expansion policies is the 
identification of the dominant mechanisms for cost reduction.  
 
IEA (2020) and Hoppmann (2018) quantify the relative contribution of 
different resource-push and market-pull measures to cost reductions. As 
illustrated in Figure 3, there has been a regime switch between the early 
adopter stage and the mature market stage. In the early stage, two-thirds 
of the cost reductions in producing solar PV panels were induced by 
market pull factors: R&D was evenly driven by public research funding as 
well as by market stimulating policies and to a lesser extent by economies 
of scale and even less learning-by-doing. Once the mass market 
penetration was reached in 2001, economies of scale became the 
dominant source of cost reductions and surpassed the joint effect of R&D 
motivated by public research funding and by market-stimulating policies.  
 
Figure 3 – Cost reduction cycle 

 

 
Source: Allianz Research.  
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What does this mean for policymakers? Figure 4 provides some insight in 
the assessment of the European Commission (EC JRC, 2017) on how to 
achieve competitiveness in the e-mobility and storage battery market. 
While the analysis focuses on the battery sector, it is representative for 
other mentioned technologies as well. The figure relates to a single factory, 
with the upper graph showing the simplified empirical relationship 
between production volume and production cost and the lower graph the 
simplified empirical relationship between production capacity in GWh and 
employment.  
 
Figure 4 – The necessity for giga-factories and vertical integration 

 

         Economies of scale at the factory  level  

 
 

Dir e ct and indirect job creation  

 
Source: Allianz Research. Calculations based on EC JRC (2017) 
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In relation to the Tesla Gigafactory 1 that has a production output of 
35GWh, or about 580 thousand 60kWh battery packs, this would result in 
about 5,000 jobs at the factory or up to 35,000 jobs in the vicinity along the 
value chain. The EC JRC states that the realization of the cost evolution 
depends on the degree of vertical integration along the battery value 
chain4. This is mainly because products in the segments upstream of cell 
manufacturing represent commodities in a cost-driven world market, 
whereas downstream from cell manufacturing they depend on the 
application and are therefore value-driven: “Enhanced vertical integration 
– as expected in the gigafactories currently being planned – is expected to 
decrease the cost ratio between battery packs and cells.” The resulting 
economies of scale in the electric vehicle sectors haven’t fully materialized 
in the storage sector because of a lower degree of vertical integration and 
storage cost are expected to drop accordingly when they do.  
 
In a true circular economy, the advantages of local natural resource 
deposits -  like rare earths – will diminish over time, a trend that could be 
accelerated by policies supporting recycling and penalizing the 
(destructive) use of new raw materials5. Asian countries have a 
comparative advantage in vertical integration potential for specific raw 
material-dependent intermediate products such as cathodes, anodes, 
separators, and electrolytes. Concentrations of cell manufacturing 
capacity and upstream supply chains contribute to the current industrial 
clusters in Asian countries. However, an adequate regulatory environment 
that results in the usage of recycled materials as economically viable 
alternatives to new materials could support the establishment of global 
recycling hubs. These pose an alternative for vertical integration in the 
battery sector that is not only more sustainable but also provides more job 
market prospects in superior qualification occupations. To guarantee a 
level playing field, the incentive structures and obligation to use recycled 
materials would need to be supported by some kind of resource border 
adjustment mechanism. For traded goods, this mechanism needs to 
compensate for the cost differences resulting from different proportions of 
recycled versus new materials used in regional production chains6.  
 
 

  

                                                             
4 Vertical integration is the combination in one company of two or more stages of production normally operated by separate firms, 
aimed at reducing costs by decreasing transportation expenses and turnaround time. 
5 The necessity of a closed material cycle for sustainable battery production is detailed in Edström (2020). 
6 See also Critical Raw Materials Resilience: Charting a Path towards greater Security and Sustainability , (EC, 2020) and the policy 
brief by Janka Oertel, Jennifer Tollmann and Byford Tsang (2020), which derives further policy recommendations and emphasizes 
the role of border adjustment mechanisms. 
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These assessments are, as always, subject to the disclaimer provided below. 
 
FORWARD-LOOKING STATEMENTS 
The statements contained herein may include prospects, statements of future expectations and other forward-looking 
statements that are based on management's current views and assumptions and involve known and unknown risks and 
uncertainties. Actual results, performance or events may differ materially from those expressed or implied in such 
forward-looking statements.  
Such deviations may arise due to, without limitation, (i) changes of the general economic conditions and competitive 
situation, particularly in the Allianz Group's core business and core markets, (ii) performance of financial markets 
(particularly market volatility, liquidity and credit events), (iii) frequency and severity of insured loss events, including  
from natural catastrophes, and the development of loss expenses, (iv) mortality and morbidity levels and trends, (v) 
persistency levels, (vi) particularly in the banking business, the extent of credit defaults, (vii) interest rate levels, (vi ii) 
currency exchange rates including the EUR/USD exchange rate, (ix) changes in laws and regulations, including tax 
regulations, (x) the impact of acquisitions, including related integration issues, and reorganization measures, and (xi) 
general competitive factors, in each case on a local, regional, national and/or global basis. Many of these factors may 
be more likely to occur, or more pronounced, as a result of terrorist activities and their consequences. 
 
NO DUTY TO UPDATE 
The company assumes no obligation to update any information or forward-looking statement contained herein, save for 
any information required to be disclosed by law.  
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