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Fig. 1. Li-Ion battery cell cost drop (since 2007) and global capacity forecast (from 2018 to 2025) [9] 

 
3 ENGIE’s 12.5 MW battery energy storage system  
 
3.1 Supply of Frequency Containment Reserve (FCR) 

An innovative 13.5 MWh battery storage system was implemented by ENGIE Deutschland on the site of the Pfreimd hydro 
power plant group in the Upper Palatinate, Germany (Fig. 2). The existing 137 MW hydro scheme provides 5% of 
Germany’s grid balancing energy and thus contributes to a secure energy supply. It provides grid and ancillary services 
comprising FCR (“primary control”) of 3 times ±16 MW, automatically activated Frequency Restoration Reserve (FRR-a, 
“secondary control”) of -75 MW to +90 MW and manually activated Frequency Restoration Reserve (FRR-m, “minute 
reserve”) of -99 MW to +114 MW [11]. The scheme provides black start capability. 

 
Fig. 2. ENGIE’s recently inaugurated 13.5 MWh battery energy storage system 

The BESS Pfreimd is operated in combination with fast-starting pumped storage units (PSU) and is mostly employed for 
providing ancillary services. It shows a ratio of usable storage capacity and pre-qualified FCR slightly above 1.0. According 
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R. Bucher etal.,” Live test results of the joint operation of a 12.5 MW battery and a pumped-hydro plant” HYDRO2018  conference paper (Oct.2018) 
https://www.researchgate.net/publication/330337897
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Figure 4 shows that the accelerating growth in renewable supply from new wind and solar 
generators is continuing to displace gas generation, but is also now starting to displace black 
coal generation.  In Queensland, there was a small drop in coal generation and a somewhat 
larger drop in net exports to New South Wales, where these reduced imports from 
Queensland, together with the continuing fall in gas generation, were the offsets for increased 
wind and solar supply. 

Monitoring growth in renewable generation 

The growth in renewable generation in the NEM, expressed as a share of total generation, is 
shown in Figure 5, with each type of generation technology shown separately.  It can be seen 
that, throughout 2018, the total renewable generation share grew consistently at a faster rate 
than ever before.   

Figure 5 

 

Figure 6 shows the total renewable share of total electricity supply in each state, except 
Tasmania, where supply is consistently almost 100 per cent renewable.  All data are expressed 
as shares of total annual supply, where supply includes net interconnector flows.  In South 
Australia, last August, total renewables, including rooftop solar, exceeded 50 per cent of total 
supply for the first time.  In November the annual renewable share passed 20 per cent for the 
first time in Victoria.  In South Australia the majority of renewable generation is from wind, 
whereas in Victoria and New South Wales hydro makes a major contribution.  Wind generation 
varies from month to month much more than hydro generation, which explains why the trend 
line is more erratic for South Australia than for other states.  9
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Assembly (vehicle manufacture) capacity. EV 
manufacturing capacity is growing, and our forecast 
is for capacity to far exceed the requirements that 
we model for TaaS. However, if the growth rate of 
new specialized EV manufacturing capacity drops 
dramatically, any assembly shortfall in capacity can 
be mitigated by conversion of ICE assembly capacity, 
which can easily be adjusted to produce EVs — which 
are far simpler to assemble. Companies such as Nissan 
manufacture EVs and ICE vehicles in the same plants. 
In fact, a significant portion of assembly happens on the 
same lines.

Battery manufacturing capacity. The ability to 
manufacture the required number of batteries is 
currently much debated. Factories to produce the 
batteries are under construction in the U.S. and 
elsewhere. These factories are relatively easy to scale, 
with most equipment available off the shelf, so this is 
unlikely to be a constraint. Discussions with multiple 
experts suggest that it takes just 9-12 months to build 
a new battery manufacturing plant able to produce 
multiple gigawatt-hours of battery capacity.36

Mineral supply for batteries. This is often seen as 
the potential key supply constraint, as the processes 
involved in opening a new lithium or cobalt mine and 
developing the attendant battery-grade refining 
capacity are complex and can take about three years. 
But our discussions with mineral experts suggest 
that the supply volumes required to meet the demand 
curves shown in our models are achievable. Current 
global lithium reserves exceed 30 million tons,37 and 
our estimates calculate that 1 million tons of lithium will 
be required, per year, by 2030.38 For analysis of cobalt 
supply for batteries, see Part 3.

Figure 5. The Speed of Adoption

Sources: Authors’ analysis based on U.S. Department of Transportation data

RethinkX     »    30  RethinkTransportation
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many problems in its application [1]. Microgrids can coordinate well technical contradictions between 
DG and the power grid, and also have some energy management functions. Power from DGs is used 
locally most of the time, so the application of DG is limited by its geographic area. It not possible to 
effectively use DG on a large-scale and in multiple areas and achieve the benefits of scale in the 
electricity market. The virtual power plant (VPP) provides new thinking and methods to solve  
these problems. 

Figure 1 shows the basic elements in VPP. With remote control and communication technology, 
VPP aggregates distributed energy resources (DERs) including DGs, interruptible loads (ILs), energy 
storage systems (ESSs) and electric vehicles (EVs), as an integrated entity [2]. It takes part in the 
electricity market in the form of a “single plant” and provides convenient service to the system 
operator, which improves the controllability and visibility of DERs. VPP forms an appropriate and 
flexible portfolio for DERs to maximize expected benefits [3]. VPP realizes optimal energy allocation 
by exchanging energy with the grid and dispatching energy among the elements inside the VPP. As a 
core energy management system (EMS) in VPPs, the optimal dispatch strategy (ODS) regulates and 
controls the power flow between DERs inside the VPP [4,5]. ODS is aimed at profit maximization and 
cost minimization of VPPs [6]. The operating characteristic of ODS make EMS have two-way 
information flow, as EMSs input real-time information from the DERs, and simultaneously output 
control signals to DERs. The internal operation state is that ESSs charge or discharge, ILs join or quit 
operation, DGs start up or shut down and EVs charge or discharge [7–9]. The external operation state 
of a VPP is that the ODS makes a bidding plan for the electricity market according to the electricity 
market price, electricity retail price [10], forecasted load and forecasted error [11]. These papers only 
consider the day-ahead market, and ignore the real-time market or separate the real-time market from 
the day-ahead market. Based on the separate electricity market, VPP will face the dilemma of less profit. 

 

Figure 1. Basic elements in a Virtual Power Plant. 
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29   A New World

• Russia, the world’s largest gas exporter and second largest oil exporter, 
may face challenges in adapting to a world increasingly powered by re-
newables. Russia’s economy is larger and more diversified than any of 
the Middle Eastern oil producers, but oil and gas rents are a vital component 
of the state budget, accounting for around 40% of fiscal revenues.48  Even 
though Russia is stepping up renewable energy deployment and is in-
vesting in research and development, it still lags far behind China and 
the US in terms of patents for renewable energy technologies. 

To assess the impact of the energy transition on different regions, Figure 5 
shows each region’s net fossil fuel exports and imports as a share of GDP.

Figure 5. Regional impact of the energy transition

Source: World Bank, IMF.

Figure 5. Regional impact of the energy transition

Net fossil fuel exports (in orange) and imports (in green) as % of GDP 2016
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While the graph above masks differences within regional groupings, it has 
the advantage of uncovering major differences between regions and country 
groupings.

• The Middle East and North Africa, together with Russia and other countries 
in the Commonwealth of Independent States (CIS),49  are the regions most 
exposed to a reduction in fossil fuel revenues. On average, these regions 

27  A New World

The rapid growth of renewable energy is therefore likely to alter the power 
and influence of some states and regions relative to others, and to redraw 
the geopolitical map in the 21st century.

How different countries fare in the context of the energy transition depends 
in no small part on how exposed they are to changes in fossil fuel trade flows. 
Equally important is their position in the clean energy race, the commercial 
race to become a leader in renewable energy technology. Although the issue 
is highly complex, innovation will be a key determinant of the pace of change 
and its effect can be illustrated in Figure 4.

Figure 4. Impact of the energy transition on selected countries  
    and groupings
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Figure 4. Impact of the energy transition

Cumulative renewable energy patents by 2016, (thousand) Net fossil fuel importers
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• The Y-axis depicts the share of oil, gas, and coal imports in total primary 
energy consumption in 2017. It situates selected countries, as well as 
the European Union, in the energy economy of today, which is dominated 
by fossil fuels. The higher the share, the more dependent a country is on 
fossil fuel imports. Net fossil fuel exporting countries have negative shares.
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