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Smart Grid and Its Implications for Electricity Market Design 
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Abstract – Recently, smart grid has been considered a very important new energy delivery technology, 
and one that can help ensure a cleaner environment by making use of information and communication 
technology (ICT) in countries around the world. The many technological benefits smart grid offers is 
expected to bring about a huge change in the electric energy supply chain. In particular, smart grid with 
advanced ICT is likely to allow market agents to participate in the decision-making process in the re-
structured electricity industry, easily facilitating Homeostatic Utility Control. In this paper, we examine 
smart grid as a market externality, and then illustrate issues from the commercial market perspective as 
it relates to electricity market design. Finally, our paper identifies some of the impacts of smart grid on 
electricity market design, which may possibly be incorporated into the evolution of the electricity mar-
ket, thus ensuring market efficiency. 
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1. Introduction 
 
We are in the midst of a rapidly and dramatically chang-

ing age from the perspective of electricity industry opera-
tion, as well as its extended global sustainability. There are 
two main issues creating many concerns in the electricity 
industry: Greenhouse Gas (GHG) emissions, and energy 
network modernization. Generally, smart grid is used as 
jargon to represent network modernization within the 
power system industry. These two issues are apparently 
independent of each other, although a careful look into 
them shows they are interestingly interlinked in order to 
achieve their designed goals. The background and the con-
nection of these two issues are discussed in this introduc-
tory section. 

Since first being reported a few of decades ago, the 
global climate change issue has emerged as a centerpiece 
of world-wide economic barriers, leading many countries 
to rush to expand their renewable energy initiatives, trans-
forming their energy resource profile from a carbon-
intensive resource into a carbon-free resource when sup-
plying electric energy. Although there are still many con-
flicts related to the climate issue among most countries at 
this point, it is expected that gas pollution reduction will be 
well coordinated to ensure it becomes a realty. 

Meanwhile, many implementable measures are being con-
sidered to reduce gas emissions: carbon capture, clean de-
velopment mechanisms (CDM), economic instruments (e.g. 
carbon tax and emission trading market), and direct control 
of fuel resources and end-user energy consumption. From 
the perspective of the electric energy supply chain, the most 

effective and close-linked way amongst the above gas re-
duction efforts is to control the usage of fuel resources and 
consumption by the end-user. For this purpose, as noted in 
[1], many jurisdictions are putting a huge amount of finan-
cial resources into the network modernization of the energy 
supply chain to facilitate smart grid, which is eventually 
aimed to reduce gas emissions by managing the energy 
flow between primary resources and the end-user in the 
process of supplying energy.  

In this paper, we examine smart grid as a market exter-
nality and draw issues from the commercial market per-
spective for electricity market design. With these market 
externalities, our paper suggests market issues that may 
possibly be incorporated into on-going electricity market 
development, driving commercial arrangements toward greater 
efficiency.  

 
 

2. Smart Grid Vision 
 
As green technology becomes one of the most popular 

and important government policy tools to cope with the 
global economic recession as well as global climate change, 
smart grid has been placed as a top priority for the policy 
agenda of the national energy industry in countries around 
world. However, the concept and scope of smart grid are 
still very ambiguous, so many interested parties are seeing 
smart grid from a variety of differing perspectives. 

In this section, the expectations of smart grid are dis-
cussed as it relates to energy delivery, and the jurisdictional 
context regarding  what sort of new technological benefits 
might be incorporated into  the commercialized electricity 
industry are explored. 

 
2.1 Newly Emerged Smart Grid for Socio-Sustainability 

 
Although its final feasible technology is not obvious, 
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there is little doubt that ICT-based smart grid will necessi-
tate changes in the way the electricity industry operates, 
eventually leading to a socio-sustainable society. The rela-
tionship between smart grid and socio-sustainability is 
shown in Fig. 1. 

The ICT-based smart grid will be driven to co-
coordinately achieve socio-sustainability mainly by facili-
tating energy efficiency, greater penetration of distributed 
energy resources (DER) and demand response in the proc-
ess of electric energy supply. As a result, the dependency of 
conventional carbon-intensive fuels might be reduced by 
curtailing the consumption of coal-fired fuel, fostering an 
environmentally sustainable society through gas emission 
reduction. 
 

Smart Grid
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Fuel Usage Efficiency
Grid Loss Reduction

Replace Fossil Fuel
Renewable Energy Target Load Reduction

Modernise Power Grid

ESCO, FACTs Renewable Energy Target Real-Time Pricing, DSM

Gas Emission Reduction

Socio-Sustainability
 

Fig. 1. Smart Grid Technology Vision for Socio-Sustaina-
bility. 

 
2.2 Smart Grid Vision from an Energy Supply Chain 

Context 
 
Implementing methods or technology to facilitate socio-

sustainability might obviously be different depending on 
the energy delivery context as well as the jurisdictional 
context, since the available technology and political targets 
with respect to smart grid are different, respectively. 

 
(1) Energy Generation Sector: The most plausible ex-

pectation within the generation sector is to replace conven-
tional carbon-intensive resources with carbon-reduced re-
newable resources such as solar, wind power and hydro. 
However, the replacement and penetration of renewable 
resources is obviously dependent on environmental, na-
tional and international policies. In addition, carbon cap-
ture technology is another technology expected to be de-
veloped to realize ICT-based smart grid in the generation 
sector. 

(2) Transmission Sector: The main role of the transmis-
sion sector is to deliver a huge amount of electric energy in 
a reliable and efficient manner from the primary resource 

to the distribution point. Flexible Alternating Current 
Transmission Systems (FACTS) devices are considered to 
account for energy efficiency by reducing transmission 
losses by means of manipulating energy flow. Also, time-
synchronized phasor measurement units (PMU) might be 
applied to enhance reliability by utilizing advanced moni-
toring applications. 

(3) Distribution Sector: Since smart grid has emerged as 
a new technical motivation, much attention has been paid 
to the distribution network rather than the transmission 
sector. Given that renewable energy penetration is the main 
driving impetus for counterattacking the climate change 
issue in the USA and Europe, it would be very important  
to technically and commercially manage the appropriate 
measures for embedding renewable resources into the dis-
tribution network through ICT-based smart grid as much as 
possible. Likewise with transmission control, distribution 
management systems (DMS) are another key technology to 
embrace and operate in the smart grid-based modernized 
distribution network. 

(4) Energy End-Use Sector: The distinguishable change 
from the conventional customer sector is to transform it 
from a unidirectional supply to a bidirectional supply, so  
that electric energy could be interlinked between the sup-
plier and consumer. As with the Internet, energynet will 
become the common energy infrastructure in the era of the 
smart grid-based electricity industry in the energy end-use 
sector. Thus, the technological philosophy of the end-use 
sector is to replace the conventional concept of ‘Slave Fol-
lows Master’ with that of ‘Homeostatic Utility Control 
(HUC)’ [12]-[13], which was suggested as a conceptual 
and revolutionary vision of the deregulated electricity in-
dustry when the industry began restructuring. Unfortu-
nately, HUC is not fully implemented in most electricity 
market places due to technical limitations. 

 
2.3 Smart Grid Vision from the Jurisdictional Context  

 
In this section, a few countries’ policy and vision for 

smart grid is explored to briefly assess which technical 
scope will be most feasible after smart grid is achieved, 
and as planned in the respective jurisdictions. 

 
(1) USA: Newly emerged industry issues such as global 

climate and power system blackouts have driven the power 
system network into intellectualization in two ways in 
North America. Firstly, network modernization was already 
launched and researched as the IntelliGrid Project at the 
EPRI to transform the electric energy network into a very 
highly automated, responsive, and resilient power delivery 
system by integrating electricity with both communication 
and computer control technologies [2]. After the Energy 
Independence and Security Act of 2007 (HR6) was passed, 
smart grid as an extensive alternative approach is being 
managed by the DOE to achieve reliability, efficiency, 
flexibility and security in delivering electric energy by 
means of integrating information technology into the elec-
tric network. 
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In addition to network modernization, another big goal 
of Smart Grid in the USA is to voluntarily engage the de-
mand sector into the chain of power energy delivery. De-
mand side engagement is usually projected by demand side 
management (DSM), which usually embraces the demand 
response tool as well as energy efficiency in the USA [9]. A 
huge amount of financial resources are supposed to en-
hance the energy efficiency of demand side engagement 
within the economic stimulus scheme implemented by 
Obama’s administration.  

(2) Europe: SmartGrid’s European Technology Platform, 
ETP-SmartGrids, for the future electricity network com-
menced in 2005, and its aim is to formulate and promote a 
vision for the development of Europe’s electricity networks 
looking towards 2020 and beyond [3], and more detailed 
research strategies are developed to drive the European 
smart grid vision into reality [4]. The highlight of the 
European smart grid initiative is to mainly accommodate 
more decentralized generation services, with many players 
involved in the generation, transmission, distribution and 
operation of the system, whilst the centralized generation 
and high voltage bulk-transmission of electricity will con-
tinue to play a major role for the foreseeable future [5]. As 
a result, Europe’s electricity network in 2020 and beyond 
will be flexible, accessible, reliable and economic. Cur-
rently, Europe is developing a strategic deployment priority. 

(3) Australia: In its vision statements, Smart Grid Aus-
tralia, which recently allied with multi-parties in 2007, is 
no doubt seeking Smart Grid solutions to achieve energy 
efficiency and climate change [6]. To meet the proposed 
aims, Smart Grid has developed to address an energy effi-
cient and environment-friendly transformed society by 
means of innovative information technologies. In particular, 
Smart grid Australia intends to make the energy end-user 
take part in establishing an energy transformed society 
through demand participation. In fact, Smart Grid Australia 
has just begun to support the industry as it transitions into 
an energy transformed society by implementing the follow-
ing areas: smart grid standards, advanced metering infra-
structure (AMI), development of an emission trading 
scheme (ETS), industry transition to smart grid, and smart 
grid communication infrastructure. Consequently, unlike 
the USA and Europe, smart grid in Australia has been initi-
ated only to achieve demand side engagement at the cur-
rent evolving stage. 

(4) China: Unlike the direction of the leading developed 
countries, China is likely to take a very different approach 
to developing and adopting smart grid technologies. As Hu 
Xuehao of the China Electric Power Research Institute 
pointed out [7], Chinese smart grid will be emphasized on 
the transmission grid rather than the distribution grid, 
which many western countries focused on. For example, 
the ‘West-East Electricity Transfer Project’ included in the 
unified national power grid project, which aims to finish 
the creation of an integrated national grid by 2020, thereby 
increasing energy delivery efficiency across the national 
transmission grid [8]. Moreover, a series of contracts such 
as a high voltage DC (HVDC) transmission link and an 

800KV ultra high voltage DC system between Chinese 
transmission companies and global energy vendors demon-
strates the Chinese smart grid vision for transmission sys-
tem modernization.  

From the discussion above, it is not easy to deterministi-
cally define the technological scope of smart grid. Never-
theless, the most visible and plausible technical boundary 
is very likely the end-user’s engagement and increased 
penetration of renewable resources in the end-user sector 
of the energy supply chain. So our discussion will focus on 
the end-user sector of smart grid in the remaining sections. 
 
 

3. Market Design and Externalities 
 

In this section, we will look into the basic arrangements 
of the conventional electricity market from the design per-
spective. Then, the expected market externalities to be in-
corporated into the smart grid-based electricity industry are 
discussed in order to identify the missing links or flaws of 
the current market regime in the next section.  

 
3.1 Market Design 

 
We have observed institutional restructuring and com-

mercial operation in the world’s electricity industry over 
the last few decades. The centerpiece of electricity restruc-
turing is that electric energy resources, the transportation 
network and demand-side electrical equipment including 
technical and operational constraints are given, and then 
decision-making to maximize social benefits is trans-
formed from a centralized engineering optimization prob-
lem into a decentralized commercial optimization problem 
[9]. However, since there are no cost-effective storage de-
vices for electric energy and thus supply and demand must 
be instantaneously balanced, technical and security deci-
sion-making is centralized to deliver electricity from sup-
ply to demand as an uninterrupted single function, whereas 
the decision-making for the commercial arrangement is 
fully decentralized to maximize economic efficiency in the 
designer’s market. The generic structure of market-based 
restructured electricity is shown in Fig. 2. 
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Fig. 2. Generic Structure of Restructured Electricity Indus-

try (Reproduced based on [9]). 
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In most well-formed global electricity markets such as 
Australia, Norway, England and Wales and North America, 
energy supply is only commercialized between the genera-
tor and distribution, whereas retail end-users, except large 
eligible customers, are still franchised to consume energy, 
and thus the energy cost is allocated to users by using a 
conventional ToU (Time of Use) tariff. In the commercial-
ized sector, allocation efficiency is achieved for market 
participants by means of more-centralized decision-making 
commercial arrangements such as an inter-temporal price 
discovery mechanism as well as financial instruments. 
Meanwhile, network services between the supplier and 
consumer are monopolized and regulated to allocate cost. 

 
3.2 Market Externalities 

 
As we discussed above, the ultimate destination of the 

smart grid is to achieve greater socio-sustainability. Thus, it 
would be more appropriate to characterize factors which 
might affect the current commercial regime or arrangement 
when the industry is transformed from the conventional 
electricity industry to a socio-sustainable industry with the 
help of smart grid as well as other policy instruments. 

In Fig. 3, two market externalities are mainly character-
ized as the electricity industry is transformed into becom-
ing socio-sustainable in the future: global warming exter-
nality, and the information technology industry 

Firstly, environmental constraint to reduce gas emissions 
is an impetus to exploit the advantages of smart grid tech-
nology. The reliance on emission-free resources, which 
will be driven by limiting permission to emit gases, will 
drive the electric energy supplier to greater exposure to 
cost increases, leading to investment in cost-intensive re-
newable energy. For example, a generation company lo-
cated in Australia failed to refinance its debt and cancelled 
its planned annual overhaul maintenance, after the bank 
became wary of the impact of looming Australian Carbon 
Pollution Reduction Scheme (CPRS) [10]. This meant that 
the global warming externality has already become a real-
ity in the electricity industry. 
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Fig. 3. Characterization of Externalities into Restructured 

Electricity Industry. 

 

Fig. 4. EUA and CER Price [Source: www.ecx.eu]. 
 

Secondly, advanced technologies in both telecommuni-
cations and computing might also play an important role in 
externality on the electricity industry. In particular, infor-
mation embedded in energy flow might be greatly ex-
panded in quantity as well as extended in its communicated 
scope. From the market perspective, the most obviously 
expected benefit to be contributed by introducing smart 
grid is the change of information flow from a unilateral 
flow into a bilateral flow, and the possibility of a more de-
centralized decision-making process. In addition, more 
high speed computing will allow a reduction in the deci-
sion resolution period in the inter-temporal decision-
making process. 

 
 

4. Market Design Incorporating  
Smart Grid Technology 

 
We have discussed energy sustainability and the progress 

status of smart grid technology in the previous sections. In 
this section, we will discuss and suggest ways to incorpo-
rate new smart grid technology into the commercialized 
electricity industry in terms of market design. 

 
4.1 Scope of Discussion 

 
As discussed, the influential scope and objective of 

smart grid is very different from the perspective of jurisdic-
tion and industry sector. Moreover, it is also unclear how 
the technical vision of smart grid will be achieved within 
the planned timeline. Thus, the scope of discussion should 
be assumed as follows. 

Since global efforts are placed on energy sustainability 
and global warming, it is observed that most of the released 
smart grid visions commonly include the incorporation of 
distributed resources into the energy supply chain. In fact, 
a huge amount of financial resources are planned to be 
invested in the utilization of distributed resources, includ-
ing renewable resources in the USA and Europe. Concur-
rently, jurisdictional regulators plan to reduce energy inten-
sive generation expansion by replacing new generation 
investment with the reduction of energy consumption at the 
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end-user. The representative policy instrument for energy 
consumption reduction is demand response (DR), which 
might spread energy consumption and thus reduce the en-
ergy supply margin. 

Thus, taking into account the huge efforts to manage this 
distributed resource, such as distributed energy resource 
(DER) and demand control resource (DCR), it is expected 
that the end-user sector rather than the generation and 
transportation sector will adopt the new advanced technol-
ogy as planned, and therefore many changes could be ex-
pected from the electricity market design perspective. Ac-
cordingly, our interests will focus on the end-user sector to 
discuss the impacts of smart grid technology on electricity 
market design. 

 
4.2 Smart Grid Impacts on Market Design 

 
The decision-making framework of the modern electric-

ity industry consists of a governance regime, security re-
gime, technical regime and commercial regime [11]. Given 
that the final destination of smart grid is to be used as an 
implementable tool to efficiently achieve a transformed 
energy industry by allowing it to either intake greater dis-
tributed energy resources or utilize its demand control re-
sources (demand response), it is very important that a more 
coordinated and decentralized arrangement for the opera-
tion and investment of distributed resources be achieved in 
order to deliver net social benefits [11]. In addition, the bi-
directional energy flow provided by smart grid between the 
supply and demand would be likely to highlight the opera-
tional environment of Homeostatic Utility Control in the 
electricity industry of the future. The conceptual philoso-
phy of operating the electricity market incorporated by 
distributed resources stems from the Homeostatic Utility 
Control (HUC) [12]-[13]. 

Moreover, smart grid would penetrate distributed re-
sources such as distributed energy resources and demand 
control resources into the industry-wide power system, 
bringing changes to the decision-making frame of the ex-
isting electricity industry. Also, the expected changes in the 
electricity industry, operated by Homeostatic Utility Con-
trol on the basis of smart grid technology, are briefly dis-
cussed below from the perspective of four fundamental 
regimes. 

 
(1) Impacts on Market Governance Regime 

 
Firstly, given that the role of the retailer is not clear or 

obscure even in the current competitive retail market, the 
function of the retailer is expected to expand, leading to the 
creation of a new market player between the distribution 
network service provider (DNSP) and the consumer. For 
example, as Thomas Friedman and Hugh Outhred illus-
trated in [11, 14], an Energy Service Company (ESCO) 
will have more influential functionality in the electric en-
ergy supply chain from the consumer’s perspective in the 
electricity industry. Likewise, many other unprecedented 
types of market players might become embedded in the 

electricity market, which would require the re-design of 
regulatory institutions. Secondly, the emergence of many 
new market players will require regulatory changes be-
tween regulators and distribution network service providers 
to ensure fair and transparent network access. Thirdly, both 
technical and commercial arrangements of network inter-
connection are expected to change in order to efficiently 
allocate proper authority and accountability. 

 
(2) Impacts on Security Regime 

 
Firstly, taking into account the fact that most distributed 

energy resources (DER) are characterized as intermittent 
resources and are very small in size, it becomes a very 
critical issue for DER to equip themselves with ride-
through capability in the event of system disturbance. Sec-
ondly, since the HUC might frequently bring about a de-
mand control by shedding customer load via commercial 
contracts, it is also important for power systems to accom-
modate load shedding capabilities in the event of demand 
controls. Finally, on top of both the ride-through and load 
shedding capability, electric power has to be secured from 
the stability perspective at the post disturbance point. Thus, 
an automatic centralized control management, e.g. multiple 
and distributed energy management system (DMS), is 
needed to operate and secure the electric energy supply. 

 
(3) Impacts on Technical Regime 

 
Firstly, the technical standard of the inter-operation 

communication protocol between smart grid devices is 
inevitable in order to be effective in the bi-directional en-
ergy flow. For this effort, IEC is operating a few technical 
committees to establish a common protocol for inter-operation 
[15]. Secondly, much attention has to be focused on the 
technical requirement of the distribution network grid ac-
cessed by intermittent DER. For example, the technical 
requirement of the ride-through capability for wind power 
generation has gradually demanded a more robust and un-
interrupted energy supply in some jurisdictions. Thirdly, 
given that electric equipment at the energy consumer end is 
designed to operate within pre-determined requirements of 
quality of supply (QoS), it is also critical to properly set up 
and coordinate QoS-related standards. A high penetration 
of intermittent DER will deteriorate the QoS of electric 
energy supplied to consumers. Finally, greater technical 
efficiency will be expected by utilizing technical innova-
tions in the electricity industry. For example, electronic 
devices which could interact with the energy flow in a net-
work grid are likely to be embedded in electrical equip-
ment to optimize the usage of energy consumption. This 
would require additional technical standards to accommo-
date the technical benefits into the actual energy supply 
chain of the electricity industry. 

 
(4) Impacts on Commercial Regime 

 
Obviously, the two-way communication capabilities em-
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bedded into the power system by smart grid have huge 
implications for firms, markets, and consumers. In particu-
lar, the most important aspect will be the effect on the 
transaction costs of utility companies. High transaction 
costs have been one of the most powerful rationales for 
vertical integration in the electricity industry for a century 
the world over. However, the bi-directional information 
exchange and decentralized control in smart grid would 
make it possible to lower the transaction costs and will 
make transactions in markets more attractive than ever, a 
fact that will surely contribute to the robust expansion of 
the wholesale and retail electricity markets [18]. 

Meanwhile, the commercial arrangement for trading 
electricity will likely change as follows. Firstly, it is quite 
obvious that some sort of commercial arrangement is 
needed to efficiently evaluate the contribution of distrib-
uted resource in terms of energy provision as well as man-
aging the quality of supply. In particular, since a huge 
number of suppliers and consumers are widely dispersed in 
the distribution network, the regime of conventional cen-
tralized ancillary services will not be appropriate to maxi-
mize allocation efficiencies. For example, as the author et 
al suggested in [16], a more advanced and decentralized 
commercial market model is likely necessary to manage 
the voltage problem in a HUC-based restructured electric-
ity industry. Secondly, it is also necessary to operate for-
ward looking financial instruments to provide DER inves-
tors a risk hedge of revenue. Otherwise, Quality of Supply 
service providers will not have the incentives to invest in 
QoS-related resources, leading to degrading energy quality. 
As illustrated in [17], the Quality of Supply premium is a 
good example of a financial tool to drive the investment of 
QoS resources. Moreover, a commercial regime for the risk 
hedge is needed to consider the allocated efficiency be-
tween the physical supply and financial instruments. Fi-
nally, the financial support regime will be considerable and 
will drive DER and DCR to making investments if the 
economic regime is not applied depending on geological 
and environmental barriers. 

 
 

5. Closing Remarks and Visions 
 
Even though it is not clear where and how this smart 

grid vision will evolve in the future, it is obvious that smart 
grid based on advanced telecommunications and comput-
ing techniques would influence restructured electricity in-
dustry. In this informative paper, the implications of the 
newly adopted smart grid are explored from the market 
design perspective to address its technological influence on 
a transformed society. With the help of technical innova-
tion, it is likely that the historical industrial vision of Ho-
meostatic Utility Control might come true, plausibly accel-
erating the evolution of electricity industry transformation. 
Consequently, it is very critical to take into account the 
impact of the smart grid for an efficient and well-structured 
commercialized electricity industry. The benefit of smart 
grid might be maximized only if technological efficiency is 

well coordinated and seamlessly incorporated with a global 
vision of energy sustainability. 
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