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Introduction and Motivation

Why is AC/DC Research interesting?

1. Theoretically

Special case study for applied historical network economics  QWERTY-

economics

o Dynamicity through impossibility of complete absence of DC within the system 

good of energy supply

2. Practically

Real improvements of efficiency all over the value chain and fundamental reduction of 

conversion losses

o Several disadvantages as results of incompatibility within the system

The Background

• Positive: A lot of technical literature is already existing, presenting a lot of advantages 

of DC over AC

• Worth continuing: It lacks of economic specification, in which context these potentials 

can be optimally exploited  this is, where we start!
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What We Are Talking About

Figure 2: Functionality of AC and DC motors 

(Source: Merriam-Webster Inc. 2006)
Figure 1: AC and DC two dimensional
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Some Basic Theory

Network Economics

1. Direct network effects

o Complex good energy supply and provision is subject to the principles of 

economics of scale

2. Indirect network effects

o Provision of energy is a complex good

Decisions Within the System by Costumers and Suppliers (Manufacturers Included) Depend 

on the Following:

1. Question of the technology adoption: “What technology to choose with which

characteristics and how many consumers are expected?”,

2. Issue of product selection: “Which factors are relevant for the consumers choice

among the existing (and rivalery) options?”,

3. Anticipation in terms of compatibility: “Which firms will seek compatibility, and which

not?”
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• In case that both technologies are incompatible to each other and consumers do not

decide accordingly to their utility function, the maximum possible generated utility of this

not optimally chosen good is decreased by an amount .

• In case good a is optimal for consumer a, the utility is Ua(a). If it is not optimal, the

highest possible generated utility Ua(a) - .

Network Externalities

Figure 3: Two-standard (incompatibitlity) equilibrium (Source: Shy (1995))
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Figure 4: The three layers of a system good environment

(Based on Beckers et al. (2012))

Lock-In Effects and Complex Good Principles

Following Factors Determine the

“Grade of Lock-In“

1. Technological 

Dependencies

2. Scale effects

3. Irreversibility of Investments

Positive Correlation

Complex Goods

A complex “good” consists of 

different services and goods:

• Institutions (f. e. regulation)

• Players with roles and 
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• Technical system 

(Depending on time!)
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Complex Goods: An Overview

TU Berlin, Fachgebiet Wirtschafts- und Infrastrukturpolitik (WIP) 
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Fundamental set of rules and guidelines regarding i. a.: 

- coordination of decisions  

- definitions and responsibilities of roles 
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- part of elementary processes 
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Individual in terms of:  

1) objective 2) set of skills  

3) behavioral parameters 

4) 
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- relevant if more than one 
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Especially Gateway Technologies as Inverters 

Affect the Possibility of Substitution from AC or DC 

Figure 5: Elements of a System Good Based Analysis and Important Links 

(Based on Beckers et al. (2012))
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The Organizational Model

Without Lock-In With Lock-In

t-1 (  1900) AC -

t0 (  2020) DC Approach 1 (Bottom-up)

Approach 2 (Top-down)

Table 1: Four cases to be considered (Authors design)

Time

Existing Infrastructure

Relevant Criteria to be Destinguished

1. Two different systems with respectively differing levels of technological developments

are compared. These levels depend on the related point of time.

2. Already existing infrastructure could be present to both considered points of time.
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The Organizational Model

Figure 6: The organizational model (Authors design)
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• If it comes to illustrating the evolution of the discussed topic, gateway technologies are

of central importance, since the existence of converters and inverters are enabling the

transformation from AC to DC and vice versa.  Enabling compatibility

• On previous slides, it was observed that the design and implementation of

interfaces are of crucial importance (with target function of minimizing system costs)

Gateway Technologies and Compatibility

Gateway Technologies and Network Externalities

Generally speaking,  represents the barrier, that has to be overcome by a certain

gateway technology. Variable  characterizes the potential level of incompatibility, which

possibly could be turned into compatibility by a certain gateway technology.

If:

1.  ≤, the gateway technology is able to establish compatibility.

2.  > , establishing compatibility is not possible and the originally incompatible

technologies remain incompatible.
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Application of the Organizational Model: t-1

• After the invention of DC by Thomas Edison

around the 1880s, and its rapid diffusion, AC

networks have taken over in the period of late

1880s and following, driven by the ease of AC

in transporting electricity over longer distances

and the capacity of designing complex

networks, thus leading to pervasive network

effects (Hughes 1993).

• Battle ends with investor Westinghouse winning

a decisive tender for the International

Exposition in Chicago in 1993,

New York, before 1890‘s 

destruction by heavy blizzards.
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Application of the Organizational Model: t0

Alternating Current vs. Direct Current

• Since the electrification of Europe and the USA the historic battle of the currents

began, when Alternating Current (AC) defeated Direct Current (DC), due to lower

costs concerning the transmission of electricity.

• Technological advantages of AC compared to DC in the 19th century were the crucial

factors, that – for the time being – let AC win the battle for lock-in (Hughes 1993).

Generally, DC has been forced back to f. e. the inside of lithium accumulators and

LED lights, but due to progress concerning i. a. DC transmission, the original battle of

the currents has been restarted

• …but with redistributed chances to win.
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Figure 7: The organizational model (Authors design)

Application of the Organizational Model: t-1
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Figure 8: The organizational model (Authors design)

Application of the Organizational Model: t0

!
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Application of the Organizational Model: t0

Source: Siemens soicmol201428-09

Source: ME Solshare

Source: Clerici et al. (1991)
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Approach 1: Bottom-Up

Thesis

Following movements can be observed: From…

1. in front of the socket to behind the socket closer to the meter,

2. the generation/ before the transmission to the transmission itself.

Supporting that thesis is the clear preference of DC appliances in regions, where no lock-in and/or

not already sufficiently existing infrastructure exist.

Source: ME Solshare
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Approach 1: Bottom-Up

Thesis

Following movement can be observed: From in front of the socket to behind the socket closer to

the meter.

Figure 9: Currents in new built houses (Source: März (2017))
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Approach 2: Top-Down

Decarbonisation

GOVERNMENT

Digitalisation

INNOVATIO

NS

Decentralisation

TECHNOLOGIE

S

The 3-D driven DC

Crucial Developments of the s. c. three Ds – triggered the DC:

1. Decarbonisation, consisting mainly of updated conditions of regulation.

2. Digitalisation, empowered through technological innovations.

3. Decentralisation, as a necessity for the decentral energy generation using especially Solar-

and Wind energy.

Disruptive

Change

Figure 3: Roots of the DC

Reduction 

of nuclear 

energy

Share of Renewable 

Energy

Reduction 

GHG-

Emissions

Reduction of Energy Demand

Gross final 

energy

Electricity 

Production

Primary 

Energy

Domestic 

Heat

Final 

Energy 

Transport

Electricity 

Demand

2015 -47%

2017 -56%

2019 -60%

2020 18% 35% -40% -20% -20% -10% -10%

2021 -80% 40-45%

2022 -100%

2025

2030 30% 50% -55%

2035 55-60%

2040 45% 65% -70%

2050 60% 80%
-80% to 

95%
-50% -80% -40% -25%

Base 2010 - - 1990 2008 2008 2005 2008
Table 2: Goals of the Energiewende
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Approach 2: Top-Down

Progressing of direct current within a alternating current dominated system

AC DC

Less conversion losses Less conduction losses

Figure 10: Hybrid application of the currents (Source: Stieneker 2017)
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Conclusion

“The Road Not Taken” inspires “The Current Not Taken” 

1. The environment is attractive  due to necessity of infrastructural redesign and adjustments

2. Technological innovations now enable and increase potential of DC based technology

Since we are again at a point of time, when we can decide between either AC or DC, we find 

ourselves in a future system characteristic’s determining position. 

Energy Strategy:

The Current Not Taken 
By Florian L. Weiß
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