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Abstract. Since the nineties, the electricity supply industry 
of many countries has been moving from a vertical integrated 
natural monopoly status quo to an as-much-as-possible free 
market. That movement would be reflected in the retail 
electricity price. In the traditional cost of service structure of the 
electric power sector the costs were simply allocated to 
generation, transmission and distribution. After the 
liberalization, some activities were split up and new institutions 
were created. The electricity systems of the UK and California 
have been operating in very different environments including 
political framework, energy resources, and economic structure. 
To evaluate the overall results, in this paper we analyze the 
evolution of the real average final price, in PPP units, of 
electricity in the UK and California over the last three decades. 
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1. Introduction 
 
The liberalization of the electricity supply industry (ESI), 
towards which many countries moved in the 90s, was 
intended to improve the sector's efficiency by market 
competition. In the traditional vertical integrated 
structure, the ESI was considered a natural monopoly, 
costs were simply share out between generation, 
transmission and distribution and passed on to customers 
at a regulated pace. After the restructuring process, many 
activities were classified as free to market. New market 
and technical institutions were needed. The costs now 
can be reliably assigned to generation, transmission, 
distribution, retail supply, market operators, system 
operators and regulator. The specific components 
included into each one of these categories, the real 
market competition accomplished, and the payment 
schedule of the regulated costs differ among countries. 
The electricity systems of the UK and California operate 
in very different environments. Different available 
energy sources, economic environment, political 
structure and regulatory, but liberalization should be a 
converging force. To evaluate the overall results, in this 
paper, using the same methodology detailed in [14], we 
compare the evolution of the average final price of 

electricity in the UK and in California over the last three 
decades. 
 
2. Electricity price composition 
 
The price of electrical energy is formed by addition of 
costs. The composition of this price may vary depending 
on the country. The electricity bill takes into account the 
free market activities, mainly the cost of generating 
electricity, corresponding to how much it costs the 
energy on the wholesale spot market or through bilateral 
contracts, and the supply costs, i.e. the costs associated 
with running a retail sales business, including customer 
services, metering, billing, etc. In addition there are still 
regulated costs, mainly related to natural monopoly 
activities and some regulatory or technical institutions: 
network charges (Transmission and Distribution) to 
recover the cost of transporting and distributing energy to 
consumers; institutional costs (Market Operator, System 
Operator and, System Regulator); environmental costs, 
corresponding to the cost of Government schemes to 
promote renewables, low carbon technologies and energy 
efficiency programs; social programs to assist priority 
customers (e.g. those on a low income) with their energy 
bills; costs of territorial cohesion policy; and costs of 
transition to competition. TABLE I shows the regulated 
part of the costs that make up the retail price of the 
electricity supply in United Kingdom (UK) and 
California (CA). 
 

TABLE I. Main electricity system regulated costs in 2010 
 

United Kingdom California 
Distribution network Distribution network 
Transmission network Transmission network 
System operator System operator  
Regulatory Authority Regulatory Authority 
Renewables Obligation 
Feed-in Tariff 

Self-Generation Incentive 
Program (SGIP) 
California Solar Initiative 
(CSI) 

Community Energy Savings 
Programme 

Energy Savings Assistance 
Program (ESAP) 

Carbon Emissions Reduction 
Target 

Energy Efficiency Programs 
Demand Response Program 
RD&D 



United Kingdom California 
Social tariffs California Alternate Rate for 

Energy (CARE) 
Pension Fund  
Annuity pension deficit 
recovery 

DWR Bond 
Rate Reduction Bonds 
Energy Recovery Bonds 
(PG&E) 

Balancing and Settlement 
Code 

 

Hydro Benefit Replacement 
Scheme and Common Tariff 
Obligation 

 

 Ongoing Competition 
Transition Charge 

 
A. United Kingdom 
 
The British ESI was one of the first to be fully liberalized 
and restructured, making it one of the most studied 
models in the world. Restructuring began with the 
approval of the "Electricity Act of 1989" which laid the 
foundations for reform. Reforms have involved measures 
such as privatization, establishment of sector regulators, 
introduction of competition into generation, design of 
organized wholesale (Electricity Pool) and retail markets, 
and unbundling of generation, transmission, distribution, 
and retail activities[1]. In 2001 the Electricity Pool was 
replaced by the New Electricity Trading Arrangements 
(NETA), which later in 2005 was renamed the British 
Electricity Trading & Transmission Arrangements 
(BETTA) and also included Scotland. 
 
In parallel to the introduction of competition in 
generation, retail electricity market was also gradually 
opened in this sense. From April 1990, large consumers 
with a peak demand greater than 1 MW could choose 
their energy supplier; in April 1994 the threshold was 
reduced to 100 kW and between September 1998 and 
May 1999 was available for all consumers [2]. 
 
Transmission and distribution are considered natural 
monopolies regulated by the Office of the Gas and 
Electricity Markets (OFGEM). There are 14 distribution 
network operators (DNOs) that are licensed to carry 
electricity from the transmission systems and from some 
generators, that are connected to their networks, to 
industrial, commercial and domestic users. There are also 
four independent network operators who own and run 
smaller networks embedded in the DNO networks. 
 
According to TABLE I the regulated costs of electricity 
prices in UK include the cost of building, maintaining 
and operating transmission and distribution networks; the 
cost of the system operator services (National Grid); the 
remuneration of the company (Elexon) that implements 
the balancing mechanism and imbalance settlement 
processes of electricity (Balancing and Settlement Code), 
the cost of the Office of the Gas and Electricity Markets 
(OFGEM), which corresponds to the cost of the activities 
of the regulator; the cost of the Renewables Obligation 
Certificates (ROC), which aims to support deployment of 
large scale renewable electricity; the cost of feed-in 
tariffs, which aims to support deployment of small scale 

renewable electricity (less than 5MW); the cost of the 
Community Energy saving Programme (CESP), which 
aims to deliver energy saving measures to domestic 
consumers in specific low income areas; the cost of the 
Carbon Emissions Reduction Target (CERT), whose goal 
is to support the government’s main domestic energy 
efficiency instrument; the share of Social tariffs, as a 
means of assisting priority customers with their energy 
bills; the cost of a pensions fund for employees of the 
distribution, transmission and system operator 
companies; the cost of the Hydro Benefit Replacement 
Scheme and Common Tariff Obligation, in order for 
domestic customers in remote areas of northern Scotland 
not to be charged very high prices for their electricity; 
and the pension fund deficit of the transmission and 
distribution companies employees. 
 
B. California 
 
California began the process of restructuring electricity 
service in the early 1990s by introducing competition into 
the generation of electricity, with the ultimate goal being 
to lower the prices for IOU customers. The legislation 
ultimately enacted in 1996 – Assembly Bill 1890 
(AB1890) – included a transition period during which the 
investor owned utility (IOU) were to sell their fossil fuel 
power plants to independent generators while retaining 
their hydroelectric and nuclear power plants. IOUs have a 
defined geographic service area and are required by law 
to serve customers in that area.  
 
Eventually, however, electricity purchases and customer 
rates were to be determined in a competitive market. In 
such a market, customers could choose to have the IOUs 
purchase the electricity on their behalf, or they could 
purchase electric power directly from electric service 
providers through direct access. During the transition 
period, however, the retail rates of the IOUs were to be 
frozen until certain conditions had been satisfied, 
including the recovery by the IOUs of certain stranded 
costs of uneconomic generating facilities that would not 
be otherwise recoverable in a competitive market. 
 
According to EIA data for 2010 [3], besides the IOUs, 
representing approximately 69% of electricity supply and 
the electric service providers that account for about 7% 
of supply, there are also publicly owned electric utilities 
which are public companies that provide electric service 
in their local area and are responsible for the remaining 
24%. The three largest IOU, Pacific Gas & Electric 
(PG&E), Southern California Edison (SCE) and San 
Diego Gas & Electric (SDG&E), account for 99% of the 
electricity supplied by the IOUs.  
 
The deregulation process was suspended in response to 
the electricity crisis that arose in 2000 and early 2001. By 
the summer of 2000, wholesale power sellers were not 
making sufficient power supplies available in the 
wholesale spot market, and spot market prices began to 
rise, swiftly and dramatically. At the same time, PG&E 
and SCE remained in the AB 1890 transition period with 
frozen retail rates. By December 2000, PG&E and SCE 
had incurred several billion dollars of losses, adversely 



affecting their creditworthiness. PG&E’s and SCE’s 
credit deterioration had a spiralling effect, deterring 
power suppliers from bidding supplies into the California 
market, exacerbating the shortage of electric power, and 
causing wholesale prices to escalate further.  
 
In January 2001, the State authorized California 
Department of Water Resources (DWR) to begin 
purchasing the electricity that the IOUs could not 
provide, incurring debt to finance such purchases and 
implementing a mechanism to recover the costs thereof 
from the ratepayers of the IOUs. From January 2001 
through December 2002, DWR procured the electricity 
for the three IOUs from power delivered under its long-
term power purchase contracts and from wholesale spot 
market and other short-term transactions. DWR was 
authorized to issue bonds to provide permanent financing 
for costs incurred in connection with the electricity 
purchases [4].  
 
In response to the energy crisis the liberalization process 
was interrupted, the State prevented the IOUs from 
continuing to sell their power plants and suspended the 
ability for bundled customers to enter into new direct 
access contracts. In late 2009 returned to be allowed to 
individual retail non-residential end-use customers to 
acquire electric service from other providers in each IOU 
service area, up to a maximum allowable limit, which 
was increased gradually from April 2010. 
 
Being the IOUs the main electricity suppliers, they are 
the reference for the regulated costs of the electricity 
price in California. According to TABLE I these costs 
relate to: operation and maintenance costs of 
transmission and distribution networks; the cost of the 
California Independent System Operator (CAISO), which 
corresponds to the cost of the activities of the system 
operator; the cost of the California Public Utilities 
Commission (CPUC), which corresponds to the cost of 
the activities of the investor-owned electric utilities 
regulator; the cost of the Federal Energy Regulatory 
Commission (FERC), which corresponds to the cost of 
the activities of the interstate transmission of electricity 
regulator; the cost of the California Solar Initiative (CSI), 
which aims to supporting deployment of solar 
photovoltaic generation system up to 1 MW for 
residential and commercial customers; the cost of the 
Self-Generation Incentive Program (SGIP), whose goal is 
to support existing, new and emerging distributed energy 
resources; the cost of the Energy Savings Assistance 
Program (ESAP), which aims to improve the welfare of 
California’s low-income population, by subsidizing and 
managing energy efficiency improvements for low 
income residences; the cost of the Energy Efficiency 
Program, whose goal is to support residential, 
commercial, industrial and agricultural sectors to 
overcome barriers to improving energy efficiency and 
realize savings for the ratepayer; the cost of the Demand 
Response Program, which aims to promote activities of 
demand management (demand reducing or moving); the 
cost of the Research, Development and Demonstration 
Program (RD&D), which aims to create advanced energy 
markets and help to bring new energy efficient products 

and technologies on line; the cost of the California 
Alternate Rates for Energy (CARE), whose goal is to 
provide rate discounts for qualifying low-income 
customers; the cost of the Rate Reduction Bonds, bonds 
issued in 1997 to meet the 10% reduction of the tariff for 
residential and small commercial customers; the cost of 
the DWR Bonds, which aims to recover the costs 
incurred by the State of California to purchase power 
during the electricity supply crisis; the cost of the Energy 
Recovery Bonds, which aims to cover the costs of the 
bonds issued by PG&E as part of its bankruptcy 
settlement agreement; the cost of the DWR Contracts, 
which aims to cover the cost of long term contracts that 
the DWR entered into on behalf of the IOU customers 
during the energy crisis; and the cost of the Competition 
Transition Charges (CTC), which corresponds to the 
difference between electricity cost and the market price, 
as determined by the CPUC. 
 
3. Electricity price comparison 
 
To calculate the average retail price of electricity, data 
from the sector agencies in each country has been used.  
The existence of deferred liability over time (deficit) in 
both the UK (concerning pensions for employees of 
transmission and distribution business) and California 
(regarding the electricity supply crisis financing costs) is 
taken into consideration to get the real average retail 
price. To evaluate the real annual retail electricity cost 
the deferred liability has been added to the annual retail 
electricity billed in the year the expenses were incurred 
and the annuity deficit recovery has been subtracted.  
Therefore, the real average retail price of electricity is 
obtained by dividing the real annual retail electricity 
billed by the respective total annual consumption.  
 
To compare the apparent average retail price of 
electricity and the real average retail price of electricity 
curves of the two countries the calculation was carried 
out using purchasing power parity  (PPP) as a currency 
conversion rate to convert nominal prices to US 
international dollars, and the GDP deflator to bring prices 
to the OECD base year 2005. The PPPs are the rates of 
currency conversion that equalize the purchasing power 
of different currencies by eliminating the differences in 
price levels between countries. The PPP source was the 
OECD database. 
 
For a breakdown of the average retail price of electricity 
into its components information from regulators and 
government agencies was used. 
 
A. Electricity system costs 
 
Fig. 1 shows the evolution of the California electricity 
system components costs, between 2006 and 2011, based 
in the costs of programs and activities conducted by the 
three major electric companies (investor-owned utilities) 
regulated by the CPUC. These data come from a report 
that began to be developed by the CPUC in 2006 
according to the California Legislature passed AB in 
2005, PU Code 747. Therefore data are available 
concerning these years only. 



 

 
Fig. 1. Breakdown of the electricity system costs in California 
(2006-2011). (Source: Picture elaborated by the authors with CPUC 

data[5] and [6]) 

In most years, the electricity production cost accounts for 
more than half of the total cost. Its share has remained 
almost constant at about 56% until 2009, except 2007 
when it declined to 53.5%. In 2010 this share was 
reduced to 48% and achieved a minimum of 41% in 
2011. The second largest share has been in distribution, 
which has progressively increased from 25% to 35% in 
2011. Transmission has ranged between 6% and 5%, 
rising to 8.3% in 2011. The Public Purpose Program 
remained at around 4% until 2008 when in 2009 was 
reduced to 1,4%, then quickly rising to 5% in 2010 and 
reaching almost 6% in 2011. The share of all bonds 
(including the three kinds of bonds) has been reduced 
from 7% in 2006 to 4% in 2008, as the Rate reduction 
bond was paid in full in 2007. It remained constant the 
next two years, then growing to 5% in 2011. Ongoing 
competition transition charge share around 2% until 
2009, starting to increase in 2010, reaching 5% in 2011. 
 
Fig.2 shows the evolution of the UK electricity system 
components costs since 1998 until 2010. In 1998 and 
1999, costs were divided almost in half between energy 
production and distribution, transmission and other costs 
(regulated costs). Between 2000 and 2003 energy 
production costs increased a little reaching 54% of the 
costs [7] and the subsequent transition to the new market 
model NETA in 2001. Since 2003 it started to decrease 
reaching a minimum of 28% of total costs in 2005 when 
the BETTA was implemented extending to the Scottish 
market, the NETA that was introduced in England and 
Wales in 2001. 
 

 
Fig. 2. Breakdown of electricity system costs in UK (1998-

2010) (Source: Picture elaborated by the authors with DECC data [8]) 

With regard to the growth of the regulated costs during 
this period, it can be mentioned the implementation of the 
climate change levy (CCL) in 2001 which encourages 
businesses to reduce energy use or energy consumption 
from renewable sources; in 2002, as part of Government 
Environmental Programmes, the Renewable Obligation 
(RO), representing a main support mechanism for 
renewable electricity projects in the UK and also the 
Energy Efficiency Commitment (EEC), replaced by the 
Carbon Emissions Reduction Target (CERT) in 2008, 
that requires energy suppliers to achieve targets for a 
reduction in carbon emissions generated by the domestic 
sector. Since 2006 the energy production cost rose again 
returning to the share of almost 50% in 2010. 

 
In 2009 the CESP has been created as part of the 
government’s Home Energy Saving Programme. It 
requires electricity suppliers and electricity generators to 
deliver energy saving measures to domestic consumers in 
specific low-income areas. In 2010 the Feed-in Tariffs 
scheme (FITs) went live. The FIT is an environmental 
programme introduced by the government to promote 
widespread uptake of a range of small-scale renewable 
(up to 5 MW and 2 MW for Combined Heat and Power 
plants) and low-carbon electricity generation 
technologies. 

 
B. Comparative analysis 
 
Fig. 3 shows the historical data of apparent average retail 
price of electricity and real average retail price of 
electricity for the UK and California. When the UK 
started the liberalization in the electricity supply industry 
the curves of both intersect and the average retail price of 
electricity in the UK changed to be lower than in 
California. This trend continued until 2007 when they 
come to converge and even the price curves in the UK 
exceed those of California in the following years. 
 

 
Fig. 3. Consumption and average retail price of electricity in the 
UK. (Source: Picture elaborated by the authors with DECC data [9] and 

EIA data [10]) 

 
In this graphic, we verify that the apparent average retail 
price and the real retail price in the UK match because 
the deferred costs in the UK, mainly pension deficit, 
represent around 1% of the revenue. Since 1992, the 
second year after the initiation of reforms in the UK, the 
average retail price of electricity presented a downward 



trend until 2003 when it began to rise. The share of 
energy production cost with respect to the regulated costs 
began to decline just this year (Fig. 2) reaching its lowest 
share (28%) in 2005 showing the influence of the 
distribution and transmission costs in the price increase 
during this period. In the years following, this trend 
reversed back getting into balance between both costs in 
2010. Sustained movements in the international prices for 
fossil fuels would therefore be a key factor influencing 
retail electricity prices going forward [11]. 
 
The average retail price of electricity in California also 
shows a downward trend since liberalization until 2000. 
Since then, the liberalization process was suspended in 
response to the electricity supply crisis that explode in 
2000 and early 2001. For three years, both apparent and 
real prices rose quickly, the real average retail price of 
electricity reached the highest value highlighting the 
enormous amount of deferred cost. The State intervention 
not only reduced apparent prices but also delayed the 
peak in apparent prices from 2001 to 2002. The following 
years the prices dropped again although remained 
oscillating with a slight downward trend. Causes include 
the rise in price of fossil fuels, especially natural gas that 
spiked in 2006 because of Hurricane Katrina in the Gulf 
of Mexico gas-producing region, and have been 
extremely volatile since then. 
 
4.  Conclusions 
 
Although the liberalization of the electricity supply 
industry in the UK and California seemed to work well 
initially, it is clear that framework design flaws and 
defective supervision imply systemic risks for the 
economy as the California electricity crisis shows. When 
the California electricity crisis burst the real price in 
California went up sharply and the convergence trend 
with the UK ended. The California crisis was the result of 
inappropriate regulations as the electricity restructuring 
radically changed the rules increasing the electricity 
system exposure to economic risks.  
 
Comparing both systems after the California crisis, UK 
increasing liberalization and California stopping it, it is 
still not clear, beyond theoretical constructions, which 
model develops better benefits in practice, i.e. lower 
retail prices, for each country. The trend of the real 
average electricity price in UK in the last decade has 
been upward, so prices have converged again. Real prices 
in California, crisis afterwards, show higher annual 
variability not only because of the fuels price volatility 
but also of the regulatory adjustments in the system. 
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