
CHAPTER 4

The three phases of the energy 
transformation – combining governance� 

and business model innovation

This chapter merges the findings of the two preceding chapters – on the importance 
of governance and the simultaneous development of business models – in moving 
from the conventional, fossil fuel-based energy system to one that is decentralised, 
renewable and based on energy efficiency. It highlights characteristics of three dis-
tinct phases during that transition and concludes that it is vital to align govern-
ance (policies, network rules, market rules, institutions etc.) with flexible system 
operation to achieve a smooth transition. In the context of developing countries 
with incomplete grid infrastructure, regulatory incentives and business initiatives 
may lead to a leapfrogging effect from Phase I to Phase III, though.

4.1  Three phases of the transformation

The transformation towards a decentralised energy system entails both regu-
latory incentives as well as entrepreneurial initiatives. There are three broad 
phases in moving from the conventional, fossil fuel-based energy system to one 
that is decentralised, renewable and based on energy efficiency.

In technical terms, Phase I can roughly be associated with a niche deploy-
ment of decentralised renewable energies; in Phase II, their contribution rises 
to become a major player in the supply portfolio, enabled by governance which 
provides value for the necessary system flexibility requirements; and Phase III 
is characterised by decentralised renewable energies as the dominant player 
within a flexibly operated system.

The following table describes the main features of each phase.
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Table 5: Overview of the three phases of energy transformation.

Phase I Phase II Phase III
Grid-based and 
centralised system 
with decentralised 
renewables as a 
niche phenomenon 
(contribution to total 
power generation less 
than 10 per cent)

Decentralised 
renewables growing 
in importance 
(contribution to total 
power generation up 
to 40 per cent)

Decentralised 
renewables as 
dominant player with 
fully autonomous 
solutions not 
connected to a 
central grid

Governance Centralised system 
regulation
•	Promoting 

renewables
•	Promoting local 

and national 
industry

•	Promoting lead 
markets

Performance based 
regulation
•	Evaluating 

decentralised 
renewable 
generation versus 
network costs

•	Flexibility and 
energy efficiency 
incentives

•	Integrating 
customers

•	Integrating 
electricity, heat 
and mobility 
(convergence)

Consumer focused 
ambition driven 
regulation
•	Users can 

choose the level 
and method of 
security of their 
supply

•	Co-existence 
of central and 
decentralised 
systems and 
regulations

Business 
models

•	New asset ownership models: from central to crowdfunding
•	New service and operating models: from bundled to autonomous 

operations
•	New platform models: from aggregators to open platforms

Core 
competencies

•	Financing and 
enabling asset 
ownership

•	Technology leads 
and product 
innovation

•	Customer 
centricity and 
meaningful 
consent

•	Partnerships and 
bundled services

•	Technology leads 
and product 
innovation

•	Financing and 
enabling asset 
ownership (ICO)

•	Technology leads 
and product 
innovation

•	Platforms and 
ecosystems

Risks •	Low risk •	Risk of stranded 
investments in 
fossil/nuclear 
assets

•	Risk of stranded 
investments in 
transmission grids

Source: Authors’ contribution.
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4.2  Phase I (Energiewende 1.0): grid-based and connected 
energy system with decentralised renewables as a niche  

(<10 per cent)

4.2.1  Governance of Phase I: centralised system regulation 
promoting renewables, local industry, and lead markets

Most countries in the world have ratified targets for the rollout of renewable 
energies (Ren21 2017a). The encompassing objective typically is the move 
towards less carbon-intensive energy supply, thus contributing to the reduction 
of greenhouse gases.

Governance in Phase I is driven by incentivising the deployment of renewa-
bles. In some countries, the introduction of regulatory incentives to promote 
renewable energies was accompanied by objectives related to industrial policy, 
in the attempt to create lead markets for solar cell manufacturers or wind tur-
bine producers. For example, the Danish wind turbine industry and the Ger-
man photovoltaic manufacturers greatly benefitted from direct and indirect 
subsidies and support schemes governments imposed to promote these tech-
nologies (Lipp 2007; Nicolini & Tavoni 2017; Strunz, Gawel & Lehmann 2016).

Some of these joint renewable and industrial policies were successful, for 
example the development of Danish wind turbine producer Vestas on the back 
of policies to support domestic wind energy. Vestas is still among the world’s 
leading wind turbine manufacturers, providing a role model of where public 
and corporate interests have been aligned.

Other incentives such as those for solar photovoltaics in Germany led to 
short boom for some German photovoltaic manufacturers. In the longer 
term, those manufacturers, for example SolarWorld (DW 2017), could not 
compete with companies from countries with much lower unit production 
costs, in particular China. The ambition of the German government to create 
an East German ‘Solar Valley’ in the state of Brandenburg did not yield the 
expected results. Most of the companies either went into bankruptcy when 
the incentives were reduced, or were acquired by Asian competitors (Fuchs 
2015). However, it has also led to the development of ‘second’ generation pho-
tovoltaic knowledge in Germany, as well as the development of inverters and 
fittings – which make up 40 per cent of the cost of the panels (Wirth 2018). In 
the longer term, higher shipping costs and long delivery times may improve 
the competitiveness of German and European manufacturers vis-à-vis their 
Asian competitors (ibid.).

Other countries, such as the Netherlands, decided to follow a wait-and-see 
strategy and initiated incentive schemes only after the costs per kilowatt hour 
were substantially reduced.

The advantage of that strategy is that it avoided any boom-and-bust of Dutch 
manufacturing industries and saved direct subsidies, that is, Dutch taxpay-
ers’ money. The benefits have to be counterbalanced, though, with potentially 
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negative consequences for countries like the Netherlands in terms of innova-
tion capabilities, because of the limited involvement and experience with new 
energy technologies and system operation.

In Phase I, energy governance encompasses direct policies primarily in sup-
port of new capacity, but also other issues related to network access rules, mar-
ket rules and design, retail competition rules, and so on. The most common 
policy incentives in support of renewable energy development are feed-in tar-
iffs (FITs), net metering, and renewable portfolio standards. All instruments 
have their pros and cons (SSREN 2012):

•	Feed-in tariffs (FITs) are based on a fixed remuneration per kilowatt hour 
fed into the grid, typically over a time horizon of ten to twenty years, and 
can be considered a long-term purchase agreement. FITs typically guaran-
tee a fixed price per kWh, an offtake contract, and priority access to the net-
work and electricity market. This means that risk is substantially reduced 
for investors, and it is possible to borrow money on the contract. There are 
multiple examples of FITs in different countries, including Australia, China, 
Denmark, and the United States, with Germany generally seen as the most 
successful case – see country Section 2.9.

FITs tend to be technology specific, which means the remuneration 
given depends on the technology and its investment costs. With this instru-
ment, governments can steer their support towards individual renewable 
sources which would not be competitive in market-based approaches, for 
examples auctions. Historically, solar power has benefitted from FITs.

In Phase I of the energy transformation, feed-in tariffs provide mar-
ket certainty for investors (Cox & Esterly 2016), but they may become too 
expensive in later stages and be replaced by more market-based instru-
ments: ‘Policymakers have recently been moving towards designing FITs as 
a premium in addition to the current market rate for electricity, known as 
feed-in premiums’ (ibid.).

•	Another Phase I type policy in support of scaling technologies is Net Energy 
Metering (NEM), also called Net Metering. It allows residential owners of 
photovoltaic panels to sell their surplus electricity to the local utility at retail 
rates – the meter in effect turns back for every kWh that is injected from 
home into the grid. In return, households benefit from a net reduction of 
their utility expenses. NEM originates from the United States, and has been 
a popular instrument there. As of November 2017, 38 US states, Washing-
ton DC, and four territories offer net metering incentives (NCSL 2017). 
Especially in states in the south-western part of the United States with high 
solar radiation or in states with high electricity tariffs, such as in the New 
England states in the north-eastern part of the country, net metering can 
significantly lower the electricity bill of prosumers.

•	The third major instrument in Phase I are Renewable Portfolio Standards 
(RPS), also called Renewable Energy Standards – again, usually found 
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in the United States, and often in conjunction with net energy metering. 
Renewable Portfolio Standards force utilities to reach a certain percentage 
of renewable energies in their portfolio within a given time frame. Depend-
ing on their design – for example, through tendering or auctions – they 
are often intended to encourage competition between external providers as 
well as between technologies to achieve the maximum reduction of green-
house gas emissions at the lowest price.

When choosing policy incentives, policy makers have to consider their effect 
on promoting centralised or decentralised generation infrastructure, illustrated 
in Figure 40. The set-up of the instruments may have a fundamental impact 
on the infrastructure. With quotas, capacity payments, or renewable portfolio 
standards investor-owned utilities (IOUs) tend to build central infrastructure 
in line with their current business model and core competencies, whereas FITs, 
Net Metering, or Demand-Side Response (DSP) tend to attract decentralised 
infrastructure enabling a faster transformation towards Phase III.

During this first phase of development, the system is dominated by incum-
bent generators and suppliers, and grid operations remain centrally controlled 
by transmission and distribution system operators, as they have been for pre-
vious decades. The total contribution of power generation from new renewa-
bles hovers below critical thresholds. There is very limited impact on system 
operation, system costs, average electricity costs or on displacement of fossil 
fuels and nuclear power in the merit order. Utilities, system operators, and 
private companies are able to use the first experiences of intermittent sources 
within electricity systems to learn to develop and apply forecasting models 
and develop processes for information exchange, billing and accounting, and 
potential operational issues (Baumgartner 2017).

However, although the actual percentage of decentralised renewable electric-
ity may not be high, it is also possible for countries to find the ownership of 
their generation transformed during this first phase – as with Denmark in the 
1980s and 1990s (see also Section 2.8).

Figure 41: Policy incentives in centralised and decentralised systems.
Source: Authors’ contribution.
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4.2.2  Business models and core competencies of Phase I

In Phase I of the energy transformation, the traditional business model of 
power companies remains relatively unaffected by the deployment of renewa-
bles as their contribution remains low. Incumbent utilities continue to supply 
the vast majority of power, balancing against largely predictable demand fluc-
tuations. The main investment uncertainties are about future demand and the 
price of fossil fuels.

Business models evolve around new offers in terms of financing, installation 
and operations of decentralised renewable energy assets. Private investors are 
attracted to participate in the energy market because of the low-risk purchase 
guarantees, available through instruments such as feed-in tariffs or net meter-
ing. Bioenergy villages and energy associations are founded, which rely on par-
ticipatory decision-making and financial contributions from their members.

In this phase, it is not the volume of renewable energies that is transformative. 
For institutional investors, one of the most appealing attributes of renewables 
is that they are scalable. Cost reductions of renewable technologies have made 
even smaller-scale deployment economic, enabling small and medium-sized 
companies to enter into a market previously dominated by vertically integrated 
utilities, and small domestic or commercial level consumers to become pro-
sumers. Consequently, decentralised generation, combined with energy effi-
ciency and balancing of localised markets, creates the knowledge and human 
resource foundation for a broader decentralised supply industry.

Start-ups, utilities, and new entrants from other sectors, in particular infor-
mation and communication technologies (ICT) and finance, gather expertise 
from the experience with first installations and pilot projects. In the first pio-
neering countries and states of the energy transformation, such as California, 
Denmark, and Germany, innovation has mainly focused on technologies and 
products, in particular the decline of unit costs of technologies such as solar 
cells and wind turbines, whereas in countries that have started later with pro-
grams to promote decentralised renewables, the momentum shifts from prod-
uct to service innovation – with sophisticated financing models, integrated 
solutions such as smart homes, and a digital ecosystem.

4.3  Phase II (Energiewende 2.0): decentralised renewables 
growing in importance with partially autonomous solutions

4.3.1  Governance of Phase II: setting the ground for 
Energiewende 3.0 with performance-based regulation

When the system moves into Phase II, policy makers start modifying incen-
tive systems, as the costs of renewable technologies fall and their deployment 
becomes more widespread. Simultaneously, government and regulators develop 
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a deeper understanding of the key decisions they have to make if they want 
cost-effective, higher percentages of renewables (REN21 2017b). The early-
mover countries are observed to abandon the initial subsidy schemes and estab-
lish more market-based mechanisms, such as auctioning, in parallel to FITs for 
smaller scale technologies. However, late-adopter countries are able to benefit 
from the impact of the first movers.

In this phase, the challenge for managing the governance framework is to 
ensure stable market conditions while creating a regulatory environment that 
encourages innovation and new market actors. The governance framework sets 
the policy direction and creates the regulatory framework to implement instru-
ments that support and incentivise new actors or penalise uncompetitive prac-
tices, either via top-down or bottom-up processes.

In Phase II, governance has to lay the foundations for flexibility and energy 
efficiency, integrating consumers, developing mechanisms to deliver meaning-
ful consent from people and society for the transformation, as well as electricity 
with heat and transport, and to evaluate network costs versus decentralised 
solutions. All these elements become crucial for a smooth transition to and as 
part of Phase III, where differing proportions of central to decentralised sys-
tems co-exist. Management of the process and expectations of the stakeholders 
involved becomes an important part to enable adaptation to new circum-
stances. Participatory approaches to integrate customers’ requests and wishes 
into the public discourse are established, for example with regards to a higher 
density of wind turbines next to residential neighbourhoods, or the construc-
tion of new transmission lines (or the reinforcement of existing lines).

As the percentage of variable renewables increase, and if the system is oper-
ated in the same way as during Phase I, security of supply shifts to the attention 
of regulators and policy makers. The transmission and distribution grids have 
to be reinforced and expanded in certain areas. The distribution grid is affected, 
because conventional lines were laid out to unidirectionally satisfy residential 
demand. If entire neighbourhoods or even villages start producing their pho-
tovoltaic energy with decentralised units – and no adequate local storage solu-
tions can temporarily absorb the power – supply may exceed local demand, and 
the electricity has to be transported to the next load centre. Large-scale wind 
power makes additional investments necessary at higher-voltage transmission 
levels, because – similar to photovoltaics in rural areas – wind power tends not 
to be produced in areas with high demand, such as urban agglomerations and 
their adjacent industrial sites.

Thus, increasing amounts of renewables  requires new ways of regulation and 
operation of the system  so that expensive additional transmission and distribu-
tion capacity can be kept to a minimum. The type of regulation and compensation 
mechanisms has a fundamental impact on how much additional transmission 
and distribution infrastructure capacity is required and the number of interven-
tions needed by the grid operators, and this of course also affects the final cost 
of electricity to the customer (Shakoor, Davies & Strbac 2017).
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As outlined in Section 2.9.4, the move to more flexible system operations is 
likely to reduce costs and ensure security of supply. It is not only a key requirement 
for Phase II but also the enabler of Phase III of the energy transformation. If 
the system becomes flexible very fast, Phase II may be substantially shortened 
and the transformation can occur in a non-disruptive way. Ensuring sufficient  
flexible resources and coordinating them efficiently is therefore a central aspect 
of the transformation from a fossil-based electricity system to a decentralised one.

Flexibility measures can include, for example, building short-term stor-
age facilities, such as stationary batteries, improving industrial and resi-
dential demand-side response, reducing short-term and long-term energy 
consumption, and implementing local markets. Flexibility is closely linked to 
energy efficiency. Incentives to increase energy efficiency include both meas-
ures directed towards end users to enhance the efficiency of their buildings 
and appliances, as well as incentives to increase efficiency of energy system 
operations. The coordination of heat, electric mobility and decentralised 
power generation offers new possibilities to adapt demand to inelastic supply 
by intermittent renewables.

The least expensive solution to increased flexibility and efficiency during 
Phase II is demand-side response, though. As a platform model, it builds on 
the existing assets, exploits their flexibility potential, and brings down peak 
infrastructure needs and peak costs. The interview with Oliver Stahl, founder 
of German demand-response pioneer Entelios, in Section 3.5 of this book pro-
vides insights into the underlying mechanisms and business models.

Each of the policy interventions of Phase II will of course have to be coun-
terbalanced with questions of privacy and data protection (see also Burger, 
Trbovich & Weinmann 2018). Until now, society has collectively embraced the 
transfer of private information as a compensation for services it gets for free 
by providers such as Facebook, Google, What’s App, or Amazon. Sociologists 
call this willingness to share certain aspects of one’s life the ‘Privacy Paradox’ 
(Wittes & Liu 2015; van Zoonen 2016; Wittes & Kohse 2017). Understanding 
what this means for society, and hence energy, is still in its infancy.

While there is a logical progression from Phase I to Phase III, how long 
any country needs to stay in Phase II is not pre-determined, and may in 
future be shortening as new technologies become economically viable and 
widely available. As Chapter 2 has shown, a key determining factor will be the 
governance framework and the efficiency of its coordination that can accelerate 
or slow down the rate of new technology deployment.

4.3.2  Business models and core competencies of Phase II

In Phase II of the energy transformation, the deployment of decentralised 
renewables becomes non-negligible and increasingly affects system and market 
operations.
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The larger intake of renewable sources typically reduces wholesale market 
prices. On the European Energy Exchange, the spot-market power price fell 
to €29 per Megawatt hour in 2016, down from more than €70 per Megawatt 
hour in 2008. This trend is caused by the low operating costs of renewables, 
which crowd out more expensive coal and gas-fired thermal plants on the 
dispatch curve in the conventional marginal cost electricity market design 
(Thalman 2015).

In the short term, low wholesale prices are beneficial for consumers. If prices 
fall below certain thresholds of viable commercial operations, though, utili-
ties may start mothballing or even dismantling central power plants. From a 
public perspective some of this may have positive effects – for example, the 
closure of coal plants to curb greenhouse gas emissions. However, flexible nat-
ural gas plants may compensate for supply fluctuations in the move towards 
systems with a higher share of decentralised renewable energies. In this situa-
tion, closure of flexible gas plants may not be in the mid-term public interest. 
Consequently, policy makers may modify the regulatory framework by setting 
up capacity markets for targeted flexible generation. In addition, they have to 
establish appropriate compensation mechanisms for stranded nuclear or fossil 
assets of utilities.

For conventional electric utilities, Phase II of the energy transformation 
leads to fundamental changes in their business model. Declining revenues 
from wholesale markets and thermal plants turning into stranded assets leads 
to financial stress. The orientation towards customer centricity and mind shift 
from large scale to small scale, in particular individualised energy efficiency 
solutions, cannot be expected to occur over night. Moreover, utilities have to 
deal with dwindling market shares in the new system, as new entrants threaten 
their positions. Digitalisation and falling technology prices enable players from 
other sectors and even start-ups to step in and establish themselves offering 
integrated solutions in the utilities’ core markets. Utilities become aware that 
they cannot compete with tech giants and ICT firms on their own – hence, they 
start entering partnerships and alliances with telecommunication companies, 
providers of smart goods or start-ups to provide complex service solutions, 
for example in the smart home or electric vehicle charging markets. Product 
innovation then becomes a joint effort, connecting the digital ecosystem with 
smart devices.

As already highlighted, the introduction of feed-in-tariffs, especially for solar 
and wind, has enabled individuals, energy associations and local communities 
to invest in renewable energy. This is now expanding with consumers show-
ing active engagement in combined storage and solar systems. New business 
models are enabling installations without, or with less, government support. In 
Germany and Australia, individual households with batteries and solar PV are 
being offered free electricity when they are unable to generate their own supply, 
in return for their batteries being used to maintain grid frequency – the crea-
tion of virtual power plants (Energy Brainpool 2016; Griffith 2017).
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Increasing automation and data processing capabilities are leading to the 
development of new apps and platforms. A wide range of companies emerges, 
which automatically aggregate consumers buying power (such a Labrador 
power in the United Kingdom) and develop opportunities for flexible demand 
(such as Tempus Energy in Australia). These companies require consent from 
consumers to enable them to facilitate the automatic switch between suppliers 
and to vary consumption. The success of these companies is determined both 
by the regulatory environment in which they operate, and the on-going trust 
of consumers. Data management and automation is likely to reduce the need 
for active engagement of consumers to reduce their energy consumption; how-
ever, it will not eradicate it. If there is a societal consensus to curb greenhouse 
gas emissions, conscious lifestyle changes and consumer behaviour shifts are 
also needed.

The major change in business models during Phase II is the focus on custom-
ers’ needs. Energy is no longer a commodity to be sold via the meter, it rather 
becomes a unique combination of technologies adapted to each individual 
rooftop (with respect to PV installations), to the topography of the territory 
(with respect to wind turbines), or to the agricultural intake from local farmers 
for biomass co-generation technologies. Decentralised deployment of renew-
able energy technologies supports local businesses and technicians, thereby 
creating local value.

4.4  Phase III (Energiewende 3.0): decentralised renewables as 
dominant player with fully autonomous solutions

4.4.1  Governance of Phase III: consumer-
focused, ambition-driven regulation

The third phase of the energy transformation, or ‘Energiewende 3.0’, is char-
acterised by decentralised renewable energies becoming the major player in 
the supply structure. Phase III is yet to exist in any developed country. Some 
countries and regions, such as Australia, Denmark, Germany, Ireland, as well 
as some states in the United States, experience prolonged intervals in elec-
tricity supply when new renewable energies account for the main source of 
primary electricity. For example, in March 2018 Portugal’s renewable energy 
production exceeded power demand and accounted for more than 100 per 
cent of mainland electricity consumption (Reuters 2018). However, so far, 
even countries with higher proportions of decentralised renewable genera-
tion have not moved to becoming highly flexible energy systems. This flexibil-
ity characteristic can be seen as a key determinator of moving from Phase II 
to Phase III. Governance – meaning market design, network rules and incen-
tives, tariff policy, its coordination and so forth – has been changed by the 
time a country becomes a Phase III country.
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In rural settings of countries in the developing world, such as India, key 
characteristics of Phase III already exist, albeit often on a very low level of the 
energy ladder, and with substantial financial disadvantages for local residents.

The transformation is likely to occur in most geographic contexts, but its 
dynamics may vary across countries and continents. Different phases might 
co-exist across regions of a single country, for example in urban versus rural 
settings. Some countries might opt for largely remaining within the Phase I 
configuration, for example, if energy generation is predominantly based on 
large, central hydropower dams, which often produce cheap and climate-
neutral electricity. Especially in developing countries with low electrification 
ratios, companies and governments may be able to leverage lessons learned in a 
Phase I environment and leapfrog directly to Phase III with largely autonomous 
island systems.

In the first two phases of the energy transformation, the pace of deployment 
of renewables is to a large extent determined by the national governance frame-
work, including the ability of local administrations to be involved.

As electrification occurs in new sectors, such as transport, and to improve the 
efficiency of electricity generation, the governance framework needs to enable 
the co-existence of different systems: central grid-based, autonomous decentral 
entities and regions, further integration of heat and e-mobility. As the energy 
system decentralises, the importance of a distribution level system coordinator 
increases, to not only manage technical operations in the interest of all stake-
holders, but also to stimulate new markets and thus enable new entrants and 
innovators. The increasing coordination function of the distribution system 
operator, leads to their development as a platform provider or Distribution 
System Platform.

At the heart of the future system must be performance-based regulation, 
which not only ensures supply obligations to be met, but also wider social and 
environmental sector goals to be delivered. This means that reforming regula-
tion will encompass how to deal with winners and losers – and this is more 
than creating an open and transparent decision-making process. Society as a 
whole has to enter a public discourse over price stability and security of sup-
ply, jobs and corporate interests, climate change and effects on the local envi-
ronment, for example wind turbines or large PV fields, and how to deal with 
stranded assets, in particular obsolete long-haul transmission lines.

Regulatory instruments, such as the introduction of capacity payments dis-
cussed in Phase II, can give rise to supply stability, but may also, in some cases, 
support incumbents’ fossil-fired power plants that were scheduled to be moth-
balled because of environmental reasons. With intermittent solar and wind 
intake, there will be a resource abundance at certain times, and extreme scar-
city (and high prices) at other times. Hence, storage will become a major issue 
for policy makers.

The need to rapidly decarbonise the economy may impose targets and objec-
tives that require the deployment of low-carbon technologies even at a faster 
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rate than the market would ordinarily deliver. This may lead to additional 
policy-driven market interventions. Under the right regulatory environment, 
the next wave of technologies could be rapidly deployed at scale, as they have 
uses beyond the traditional power sector. While the development of batteries is 
being driven by and for electric vehicles, it will have important implications for 
both grid level and individual electricity storage.

The balance between public and private ownership and engagement within 
the power sector varies between countries. However, in general the most rapid 
move towards Phase III will occur within systems which encourage innovation 
and entrepreneurship, and this is likely to be delivered by the private sector, 
providing the market is fair and transparent and constructed to value the char-
acteristics of renewable energies and demand-side response, and appropriate 
governance mechanisms are in place.

4.4.2  Business and core competencies of Phase III

In Phase III, private platforms, autonomous residents, and local grid ecosystems 
will co-exist with the central grid, leading to an increasing diversity of business 
models that range from convenient standard packages for energy services with 
flat rates, similar to insurances, to fully customised solutions for self-producing 
individuals or communities. Multinational companies, such as Google, Amazon, 
or Apple, will co-exist with start-ups and local initiatives.

The electricity supply industry will be forced to leave its roots as public 
infrastructure service and transform into truly private businesses, offering cus-
tomised solutions for each consumer, while independent system operators or 
private transaction platforms take over responsibilities of grid control.

Digitalisation will of course be a main driver for innovation. It will cope with 
the complexities of the energy grid using sensors, smart meters, drones, and 
augmented/virtual reality in fields as diverse as predictive maintenance, cus-
tomer care, and weather forecasts. Companies that embrace Artificial Intelli-
gence and Neural Networks to detect patterns in their data will have a latent 
advantage over companies that solely rely on conventional computational 
methods. However, energy supply will always entail a technical, engineering 
component. Manufacturers of their own technological devices may have a 
competitive advantage vis-à-vis data-only companies.

Private platforms and ecosystems with micro-trading and coordination of 
local balancing markets will emerge. Australian start-up Power Ledger has 
issued the first Initial Coin Offering in the Australian energy sector and builds 
a blockchain-based application platform to facilitate peer-to-peer trading, 
monitoring of flows in the transmission grid, and plans to implement many 
other transaction-related functionalities.

Globalisation will allow for dispersed business operations. For example, 
start-ups Mobisol and SOLshare have established remote operating centres in 
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Berlin, from which they track and monitor the performance of their installa-
tions in sub-Saharan Africa and South Asia. Services offered in remote, rural 
areas integrate energy in a holistic package of services, as in the case of Solarki-
osk. Energy companies and start-ups team up with players such as Total or 
Coca-Cola to correspond to customer needs.

In the past, trickle-down effects of innovations typically happened from 
industrialised to developing countries, but in Phase III new business models 
and digital technologies may first emerge in the developing world and then find 
their way to the industrialised nations. Born out of the need to experiment with 
autonomous micro-grids, with integrated rooftop systems, and with payment 
and financing methods based on the Blockchain, start-ups and entrepreneurs 
in developing countries may establish decentralised energy ecosystems that 
complement or even substitute the central grid.

This stage of transformation creates increased risks of stranded assets for 
existing technologies and their operators. Without transitional assistance, 
incumbents may delay the sector transformation. While governance bodies 
often focus on Phase I objectives and on how to adapt regulation, they may 
neglect the impact of these policies on future infrastructure.

Thinking from Phase III backwards may be an alternative approach in cor-
porate and political decision making, allowing for a more rigorous strategy 
and adaptation.
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