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Abstract
Lighting masts are ubiquitous features of industrialized nations. As such they provide
existing infrastructure into which solar photovoltaic (PV) cells may be integrated,
contributing to distributed power generation through electricity generated from renewable
sources (RES-E). RES-E has the potential to contribute to reductions in greenhouse gas
(GHG) emissions associated with climate change, increasing energy security by reducing
demand for imported primary energy sources, and support of the economy through jobs
created as a result of knowledge and technical know how in renewable energy. As such,
ecological modernization provides a basis for policy creation to integrate the use of
technology with the competing energy goals of security, environmental impact, and economic
competitiveness. A theoretical implementation in Ealing, England with a solar mounted
street light mast (SunMast produced by Scotia™) was implemented in STELLA using
estimations from PVGIS. The model was calculated the electricity produced by the PV cells,
the revenue from the generation, the potential mitigated carbon dioxide and the percent of
electricity costs that were covered for the operation of the street lights. The 25-year model
was run on the basis of the feed-in tariff (FIT) implemented by the United Kingdom
government. It was found that 88% - 93% of costs were covered. Net electricity
requirements and potential carbon dioxide reductions were reduced by between 19.9% and
23%. The results provide support for the potential role ecological modernization has to
support transitions to a low carbon society.
Keywords: RES-E; ecological modernization; photovoltaic; renewable energy; feed-in tariff;
United Kingdom
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1. Introduction
1.1.

Background

The well known photo of the Earth’s city lights at night, shown in Figure 1 (NASA n.d.),
illustrates the urbanization present on the planet as well as the tremendous use of lights. The
contribution to the illumination of the world can be attributed to the central role that street
lights play in the urban environment. Street lighting contributes to a belief in the reduction of
crime. Though the research does not show a direct correlation between street lighting and
crime reduction, the presence of the belief is important in contributing to a sense of
community (Herbert & Davidson 1994). The presence of adequate lighting is also seen as a
key factor for the promotion of cycling and walking within cities (Lee & Moudon 2008).
Street lighting also reduces stress for drivers by increasing visibility of motorways and
pedestrians, making roads safer for all users (HTMA n.d.). These factors highlight the central
role street lighting plays in urban environments and in the communities which they
encompass.

Figure 1 City Lights of Earth

The ubiquitous nature of street lights allows them to fulfil their role for vehicle, cycling and
pedestrian uses. Additionally, it also makes them an excellent candidate to leverage in
addressing issues of distributed power generation through the integration of solar
photovoltaic (PV) cells in their masts, representing a form of distributed generation referred
to as electricity generated from renewable sources (RES-E). Renewable sources of electricity
are essential for two reasons: 1) electricity is one of the most valuable forms of energy; and
2) there is a reduction in the environmental harm typically associated with generation.
Historically much of our energy has come from the burning of fossil fuels, resulting in water
pollution, air pollution and an increased concentration of greenhouse gas (GHG) emissions,
thus contributing to climate change (Tester et al. 2005).
Through the resourceful use of street lighting, environmental issues and energy security
may be addressed while simultaneously engaging in knowledge and technical acquisition to
promote job growth. In the United States of America there is estimated to be 37 million
street lights (Navigant Consulting Inc. & XENERGY, Inc. 2002), while in the United
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Kingdom the number is 7.5 million (HTMA n.d.), highlighting the potential infrastructure
supply that exists. Through this approach, industrialized nations have the potential to work
towards creating societies that are more sustainable by leveraging existing infrastructure and
future demand.
In order for a national government to achieve the demanding goals of GHG reduction and
energy security, policy must be developed in a manner to support the implementation of
solutions by individuals, business and communities. One means by which governments may
craft such policy while maintaining the economic stability of their countries is to organize
their policies around the theory of ecological modernization (EM). Through the use of EM
governments have the ability to address issues of environmental and economic sustainability.

1.2.

Aims

The overall aim of this thesis is to analyse if street lighting may be leveraged as a viable
source of RES-E and how the policy environment impacts this analysis. In this case ‘viable’
refers to whether the lighting masts may generate a quantity of electricity that could represent
the displacement of GHG emissions associated with the operation of the lights and if an
economic case may be made for the use of this type of technology. Specifically, how much
electricity can be generated and carbon dioxide mitigated from solar photovoltaic cells
mounted on street light masts? Can individuals, businesses, and communities use technology
to contribute to environmental and energy security goals in an economically beneficial way
using feed-in tariffs? Can distributed generation technologies have an impact on a national
scale in terms of energy security and environmental goals?
Both the technical and economic implementation is affected by the national policy
environment. To make this analysis manageable, a specific technology and location have
been selected to structure a case study. It is my hypothesis that the solar mounted light mast
can have a significant impact on electricity generation and, consequently, associated
reductions in GHG emissions, but that it is only economically feasible with government
policies in place to support this type of infrastructure.

1.3.

Overview

The Scotia™ SunMast is the street mast being considered for analysis. This mast was
selected because the solar PV cells are integrated into the mast rather than being a panel
affixed to the top of the mast. This increases the aesthetics of the light standard since the
integrated PV cells are not noticeable, therefore reducing any objections by citizens due to
appearance. As well, the generated electricity is integrated into the existing supply grid and
electricity for operation is drawn from the electrical grid, ensuring the reliability of the light.
The location selected is London, England, specifically the borough of Ealing. The site
selection is a result of several contributing factors. First, the United Kingdom (UK) is a
member nation of the European Union (EU), therefore its national policies are influenced by
EU policy. Europe, especially the West and the Union, have structured their governmental
policy to incorporate a commitment to ecological modernization (Revell 2005), with the aim
of decoupling economic growth from environmental degradation. As such, the use of solar
mounted street light masts is consistent with this approach. The UK has recently changed
their policies with respect to renewable energy sources through The UK Renewable Energy
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Strategy (Great Britain 2009b), including the introduction of feed-in tariffs (FIT) for smallscale renewable sources of energy, as of April 1, 2010. Ealing itself was selected due to the
fact it is a largely residential borough, which should result in some uniformity with its street
lighting. Furthermore, the borough would like to be seen as “green” (Ealing Council 2008),
providing a motive for acquiring this type of technology.
To address the questions put forth in this thesis a model was constructed, combining the
technology of the SunMast and its implementation in the location of Ealing, England. The
model was run for a 25-year period to represent the lifespan of the FIT. The model calculates
estimations of the kWh of electricity generated, the associated potential reductions in carbon
dioxide and the economic impacts from the perspective of the borough.
Following the introduction a description of the methods used for the thesis will be described
in Section 2. In Section 3 the theoretical basis of ecological modernization and criticisms of
the theory are explored. Section 4 describes the case study in questions, the borough of
Ealing, England and the characteristics of their existing lights. A description of the SunMast
and the associated photovoltaic technology is also provided. This is followed in Section 5 by
a contextualization of the relevant policy starting at the highest level, the EU, followed by the
national UK policy and finishing at the community level with the borough of Ealing. Section
6 presents a description of the model, including boundary conditions, assumptions and the
method of validation for the estimation of electricity production. Results and Analysis are
provided in Section 7. A discussion of the results from the perspective of the technology,
policies and ecological modernization follows in Section 8, with the conclusion to be found
in Section 9.

1.4.

Limitations

The thesis only deals with ecological modernization and the implementation of the
technology in the context of industrialized countries. The feasibility of transferring
technology such as the SunMast to developing countries and areas with dramatically different
climatic conditions is not considered. It is also not considered whether EM is the best means
by which to address environmental problems such as climate change, but recognizes that it is
one means by which governments may act now.
The only negative impacts of street lighting are the consideration of the impacts associated
with the generation of electricity to supply power. Other environmental consequences with
the production of the light fixtures or the effects of light pollution are beyond the scope of
this thesis.
Due to the availability of data, all references to carbon dioxide refer only to that gas. They
due represent a value for all greenhouse gases in terms of carbon dioxide equivalent.
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2. Methods and Tools
2.1.

Overview

The thesis uses a mixed methods approach (Bryman 2008), combining qualitative and
quantitative research. This process has been applied on a systems level, combining policy,
environmental concerns and economics in the case presented. The combination of the two
approaches provides the opportunity to consider several aspects of the implementation of
technology in a specific policy environment. The quantitative and qualitative methods were
applied to the selected case in order to provide a practical basis for analysis and discussion.

2.2.

Qualitative Methods

The qualitative analysis used a combination of several approaches. Structured interviews
(Bryman 2008) through email were used to obtain specific information on location and
technology with respect to the case in question. An access to information request was
submitted to the council of Ealing, England. The purpose of the request was to obtain
specific information on the characteristics of the light stock in the borough and the energy
consumption of the street lights. A structured interview through email was also conducted
with Scotia™ to acquire information on the SunMast light structure. The data obtained
through the structured interviews provided mostly factual data to subsequently use in the
quantitative analysis.
The structured interviews were preceded by two semi-structured interviews (Bryman 2008),
one by phone and one in person. The phone interview was conducted with Mr. Heine Olsen,
the founder of Scotia™. The in-person interview was also conducted with Mr. Olsen but also
included another expert in the lighting industry, Mr. Peter Høgh-Nielsen. The purpose of
these interviews was to acquire background information on the technology and the lighting
industry. The information was used to assist in identifying relevant policy and understanding
the nature of the implementation of the light masts.

2.3.

Software Tools

Quantitative analysis was performed through the use of a model implemented using the
software package STELLA1. STELLA implements a mathematically-based model through a
graphical user interface based on stocks and flows. A second software tool, Photovoltaic
Geographical Information System2 (PVGIS) was used to provide estimations of the electricity
generated from the installed photovoltaic capacity. The PVGIS tool was used to generate
input data for the STELLA model. The validity of the estimations was verified by comparing
the theoretical data from the tool with measured data from an installation.

1
2

STELLA v9.0.03 was used. http://www.iseesystems.com/
PVGIS was developed by the European Commission, Joint Research Centre. http://re.jrc.ec.europa.eu/pvgis/
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2.4.

Construction of the Model

The model represents technological, economical and environmental aspects of the
implementation in the case location. The design of the model provides output on a yearly
basis for the electricity produced by the photovoltaic cells, the revenue gained due to their
implementation and possible displacement of carbon dioxide as result of the use of the
technology. The revenue will be used to determine the percentage of electricity costs from
operation that can be covered by generation. Information for the model was obtained through
a combination of interviews, policy documents and web sources.

2.4.1.

Model Boundaries

There are both spatial and time constraints that have been implemented to aid in model
development. These constraints are logical and facilitate in the understanding of how the use
of the solar mounted light masts impact the environment and economics in the policy context
of the UK. In this case the spatial boundary has been selected to be the London, England
borough of Ealing. The borough level was selected due to the fact that this is level at which
responsibility lies with the local council for the maintenance and implementation of street
lighting.
The time constraint for the model is 25 years. This is due to two factors. First, the UK FIT
has a lifespan of 25 years (Great Britain 2010). Second, it also represents the guaranteed
lifespan of the solar cells incorporated into the solar mast (Olsen 2010). Thus, the 25-year
timeframe provides insight into both the effect of the policy and the minimum lifespan of the
technology.
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3. Theoretical Basis
3.1.

Ecological Modernization

The tensions that exist between the environment and socio-economic issues are now largely
being addressed by a wide range of views that fall under the broad categorization of
sustainable development. Hopwood et al (2005) chart these views with regards to their
approach to environmental consideration and social equity. Ecological modernization (EM)
is placed centrally with respect to the environment continuum and quite low on the equity
scale. In this view EM is seen as a status quo approach, meaning that it can exist in the
present paradigm of capitalism and reform is not needed (Hopwood et al. 2005). The extent
to which EM may address sustainable development may vary on the view of theory, as Carter
(2007) sees it as being a part of strong sustainable development. Therefore it is important to
understand what encompasses EM and how it may address sustainable development.

3.1.1.

What is Ecological Modernization?

Ecological modernization was born in the 1980s primarily from the works of Joseph Huber
and Martin Jänicke of Germany, both political scientists (Mol 2003; Andersen & Massa
2000). Their work was largely supported by other European researchers (Mol 2003) and as a
result is most often referred in relation to other European countries. Broadly speaking,
ecological modernization is a social theory that aims to reconcile the tension that exists
between economic growth and environmental degradation within modernity. That is to say
that it is possible for a capitalist economy to function while at the same time protecting the
environment (Andersen & Massa 2000; Carter 2007; Jacobs 1997). In this way, there is a
consistency within EM that technology and industrialization are not to be viewed as mere
sources of ecological damage but as a means to be used with social transformations and
economic institutions to develop a society that is more environmentally benign (Mol &
Sonnenfeld 2000).
Ecological modernization has developed over its brief history to encompass two main
concepts that are pervasive throughout. First, there is the idea of dematerialisation, which
requires that the resources needed for each unit of production of a good be reduced. This
includes inputs of energy, water and raw materials. As a consequence, the second idea can be
supported; that is that economic growth can be decoupled from resource use and
environmental degradation. (Carter 2007) These concepts support a continuum that ranges
from simple technological fixes to structural changes of modern society, including the
economy, the state and the culture of society (Eckersley 2004; Mol 2003).
The focus on the weak version is based largely on technologies (Eckersley 2004; Mol &
Sonnenfeld 2000) which companies can implement to reduce pollution and at the same time
lower costs (Andersen & Massa 2000). However, it still challenges some of the existing
structures of society. Within the idea that technology can reduce ecological damage and
allow industry to benefit, there exists a challenge to the traditional capitalist view that
environmental taxes and restrictions are bad for business (Eckersley 2004). The danger of a
simplistic approach is that there is no guarantee over the long term of absolute reductions in
material or energy use. Though resource and energy use per unit of production may decrease,
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if the quantity of produced units continues to increase there may only be a slowing of the rate
(Eckersley 2004).
Strong ecological modernization has been referred to as reflexive EM (Mol & Sonnenfeld
2000; Eckersley 2004). Though proponents of a strong version of EM recognize the
importance of technology they do not view it as being sufficient to deal with the current
ecological pressures (Eckersley 2004). As Andersen and Massa (2000) indicate, the strong
version requires a switch from a focus limited to technological efficiency to one with
consideration of structural changes through addressing issues of governance capacity.
Eckersley (2004) suggests that for strong EM to be present in a society there must be
reflexivity on four levels in the state: policy instruments, policy goals, hierarchy of the goals
and the role of the state. Without changes and critiques at each level there may be
inconsistencies or lack of understanding regarding paths to ecological improvement with an
overall result of little impact on the ecological state.

3.1.2.

Criticisms of Ecological Modernization

The ideas behind EM are attractive in the pursuit of protecting the environment while
continuing to ensure economic stability. However, the theory is not without its shortcomings.
Firstly Carter (2007) identifies that since EM exists on a continuum, there is no strict
definition, which makes in difficult determine to what extent change is likely to occur.
However, this is not unique to EM and should not be a reason to avoid it, but rather requires
clarification when engaging in dialogue on the topic.
What is more disconcerting, and which Carter (2007) refers to as its “Achilles’ heel”, is the
lack of social justice present in the theory. Though ecology may fair better through action by
government based on EM, the people represented by the government may not. Therefore,
policies which foster the development of an EM agenda may inadvertently increase the
inequality present in the country or globally.
Beyond the above criticisms that address what is perceived to be lacking with the theory,
there are also criticisms of the claims made by the theory. York and Rosa (2003) provide
four areas where they see a lack of empirical evidence to support claims made by EM. First,
the efficiency of energy and resource use may not be enough to reduce environmental
damage if growth outpaces the efficiency improvements. Second, savings that occur in one
sector or country may result in increases in another location, therefore negating the original
savings. Third, the rate of cases showing the value of EM is not frequent enough to illustrate
that it is important for obtaining sustainability. Finally, they argue that the institutional
changes that occur in ecologically modernized nations due not have a causal relationship with
an increase in ecological improvement.
The final concern of York and Rosa (2003) is that EM has an inherent risk of complacency
associated with it. Though they recognize the potential that EM has to attain sustainability on
some level, they fear that during the process of implementation other alternatives will be
overlooked and, as a result, a better alternative may be overlooked or incompatible with the
existing approach.
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4. Case Description
4.1.
4.1.1.

Location – Ealing, England
General Information

Ealing is one of 33 boroughs of London, England and is governed by a local council, as are
all of the London boroughs (Greater London Authority n.d.). As of 2007 the population of
the borough was estimated to be 305 300 inhabitants, placing Ealing has the third most
populous of London’s boroughs. The population density is approximately 55 people per
hectare, higher than the average for London. (Ealing Council 2009)

Figure 2 Map of England with the a red arrow pointing to London (Lonely Planet 2010) and the second
displaying the Greater London Area with the borough of Ealing marked with a blue arrow (London
Councils 2009)

4.1.2.

Geographic Information

London, England borough of Ealing is located at latitude 51° 31’ N and a longitude of 0° 20’
W (Maps of World 2005). Given that this is at northern latitude, the light hours vary greatly
during the year. On a yearly basis, London receives 2 700 watt hours per meter squared
(Wh/m2) of solar irradiation on a horizontal plane. If the vertical plane is considered, then the
level of irradiation falls to 2 180 Wh/m2. As London is situated on a flat area, there is no
concern regarding shadowing of solar photovoltaic cells from geographical features.

4.1.3.

Street Lighting

The council, as of the end of 2009, maintains a stock of 23 291 light columns which vary in
height between 5 m and 10 m (foirequests 2010a), with an average of 6 m (foirequests
2010b). The light stock is relatively new due to a project to replace existing lamps. Within
the last 10 years 20 411 street lights have been replace, while the remaining stock is over 25
years old. The lights use a combination of high-pressure sodium lamps and low-pressure
sodium lamps, with the majority (20 411) using the high-pressure variety. The street lights
operate for an average of 10 hours daily. The yearly electricity consumption for street
lighting in the borough is approximately 12 500 MWh. (foirequests 2010a)
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4.2.
4.2.1.

Technology – SunMast
SunMast

Scotia™ has developed the SunMast as a means to address the issue of street lighting needs
while minimizing environmental impact. The SunMast is a grid-tied distributed source of
photovoltaic electricity generation (Scotia 2009). Through the integration of solar cells onto
the lighting mast, the company has developed an aesthetically pleasing light standard that can
provide a source of electricity generation. The extent to which the electricity generated by
the solar cells can cover the electricity requirements of the light fixture depends on the power
requirements of the light and the irradiation level of the location. If the SunMast is used in
conjunction with light emitting diode (LED) fixtures the mast has the potential to be a net
source of electricity.
The company has developed a line of five different sizes of light standard (4 m, 5 m, 7 m, 8
m, 10 m) to meet different lighting needs. Each light mast has a different number of solar
cells integrated into the design, therefore electricity-generation potential varies from 120
watts peak (Wp) to 600 Wp. The solar cells for the mast are designed in a modular fashion.
Each panel contains 10 cells, which are manufactured by the German company Q-Cells.
(Scotia 2009)
The panels can be seen in Figure 3. The solar panels
are mounted on three sides of the light mast with the
number connected vertically depending on the height
of the mast. The side lacking solar mounted panels
faces northerly where direct sunlight on the cells is
limited.
The operational design of the various sizes of light
mast is the same. Given that there is a time mismatch
between electricity production and consumption on a
mast, the design must either incorporate batteries or be
connected to the electricity grid. In the case of the
SunMast, all sizes of masts are connected to the grid.
This means that all electricity that is produced by the
PV cells is placed onto the grid, while all electricity
that is consumed by the light fixtures is drawn from the
grid. This ensures reliability of the lights as there is
not a direct correlation between production and
consumption.
Figure 3 Solar Panels on Light Mast
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4.2.2.

4.2.2.1.

Photovoltaic Technology

Photovoltaic Cells

The modules on the SunMast are made up of 10 cells from the German manufacturer QCells (Scotia 2009). Each cell is made of mono-crystalline silicon, reflecting the first
generation of cells produced and the most common type found in the market (Price &
Margolis 2010).
Discussing the effectiveness of a solar cell is often done by discussing their efficiency. The
efficiency of solar PV measures how well it converts the sun’s energy into electricity; it is the
ratio of the electrical power produced by the cell to the sun’s power on the cell. It is
calculated under standard test conditions (STC): 1,000 W/m2 solar irradiation at a cell
temperature of 25 ºC with a solar spectrum at air mass of 1.5. Efficiency is a function of the
material makeup of the cell and the physics which govern its operation, the photovoltaic
effect. For crystalline silicon the result is a theoretical maximum of 28%. This is a result of
the material characteristics of crystalline silicon and the composition of the light spectrum.
(Krauter 2006) More information on the physics that govern the function of solar cells can be
found in semiconductor textbooks or works dedicated to electricity generation from solar
power, such as Solar Electric Power Generation by Krauter (2006).
In terms of commercial technology, crystalline silicon reflects the best performing option
with efficiencies of 19% (Price & Margolis 2010). These also represent the type of cells
from Q-Cells used in the Scotia masts. From a lab perspective, second-generation thin-film
and multi-junction cells represent the best performing alternative, with three-junction cells
reaching efficiencies of 41.6% using concentrators. Third-generation cells, comprised of dyesensitized and organic PV, as yet do not represent a viable alternative but have potential for
increases in efficiency and cost reductions. (Price & Margolis 2010)

4.2.2.2.

Photovoltaic Systems

Photovoltaic systems may either be stand alone or grid-tied. As the SunMast is a grid-tied
technology, this is the system that will be focused on for operational understanding. To
create the system, cells are packaged together in a ‘module’ that provides coverage and
structure to support the fragile cells (Krauter 2006). To create a system several modules are
connected together, which are then installed. Systems are then sold it terms of their rated
direct current (DC) power under STC, termed watts peak (Wp). As the cells produce DC
power but the electrical grid operates on alternating current (AC), the power must be
converted between the two types through the use of an inverter.
The amount of AC generated from the system is dependent on a number of factors: cell type
and efficiency, module efficiency, system efficiency and module reliability (Price & Margolis
2010). The cell types and efficiencies are discussed above. The module efficiency is lower
than the cell efficiency due to electrical contacts and connections (Krauter 2006). The system
losses include the loss from the inverter, wiring, high cell temperature, electrically
mismatched modules and particle build up on the cells (Price & Margolis 2010). This can
reduce the output of a system to somewhere in the range of 77% of the Wp rating (Price &
Margolis 2010).
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Reliability is related to the functioning of the cells over their lifespan. If a cell fails, it
affects the potential output of the system. Therefore, it is imperative that manufacturers
provide reliable cells. The industry standard includes a warranty of 25 years, with a
minimum of 80% of rated output at the end of the lifespan (Price & Margolis 2010). That is
to say that the Wp produced by the cell after 25 years will be at least 80% of the initial rating
of the system. The cells produced by Q-Cells have a 25-year warranty guaranteeing 95% of
rated power for the first 15 years, 90% for the following five years and 85% for the final five
years of their lifespan. (Olsen 2010)
The actual electrical energy produced by the PV system is then further determined by the
position of the system, both with respect to geographical location, vertical angle (referred to
as tilt) and orientation with respect to the compass rose. These factors will determine the
amount of solar energy that is incident on the solar cells and therefore the amount of
electricity that can be produced. The way that the modules are mounted will contribute to
decreases in cell efficiency from increased cell temperatures due solar irradiation that is in the
same plane as the module (Huld et al. 2008). As well, the amount of light reflected from the
surface will be affected by how the modules are mounted (Huld et al. 2008).
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5. Multilevel Policy Basis
5.1.

The Energy Triad

Energy policy in many countries, including the EU, is based on a combination of three aims
with respect to the generation and consumption of energy. This triad of goals includes the
environment, energy security and economics, shown in Figure 4 (Ringel 2006).

Figure 4 Energy Triad - The Energy Triad shows the consolidation of the three aims of security, cost and
the environment with respect to the development of energy policy.

First, when considering the environment with respect to energy there are many factors that
may be considered, including water pollution, air pollution, extraction impacts, thermal
pollution and aesthetic damage (Ringel 2006). Currently for the EU, greenhouse gas
emissions are acting as a proxy for the environment and the associated climate policy is
driving environmental reform in energy (Lipp 2007); CEC 2007; Great Britain 2009b). With
respect to energy security, there are the dual aims of internal security, that being whether the
grid provides a reliable source of energy, and external security, that being the access to
reliable primary sources of energy (Ringel 2006). Finally, economic aspects reflect a
competitive market for energy (Ringel 2006), as well as job and growth factors (CEC 2007);
(Great Britain 2009b). In some instances the relative importance of one aspect overshadows
the aims of the others, making achievement of all goals difficult. However, the EU has put
forth strong aims with respect to GHG emissions, which have also been adopted by member
countries.
These multiple aims are consistent with a policy environment characterized by EM (Carter
2007). By basing their energy policy on ecological modernization the EU is able to provide a
leading role in environmental policy while still supporting an environment that allows for
economic growth. Though EM may not be able to completely solve large scale
environmental problems, such as climate change (Prognos et al. 2009), it may provide an
immediate policy alternative for governments trying to balance multiple demands of the
electorate and begin the process of emissions reductions.
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5.2.

Trans-national - European Union Policy

One of the main aims of the EU is a common market, which extends to the energy market
(CEC 2007). The overarching view with respect to energy policy within the EU is one of
ecological modernization (Revell 2005). That is to say that there is a push to reduce
environmental harm through the use of technology while maintaining a strong economy
which is supported by a combination of factors, including market instruments, policy and the
support of the European people.
The EU’s energy policy must be coherent with other policies such as the Lisbon Strategy,
which focuses on economic growth and job creation (CEC 2007). As a result, there is an
underlying understanding when considering energy that economic considerations must be
included, which is in line with the underlying theme of EM within the EU strategy. This is
reflected in the energy policy of the EU and its strategic goals of: addressing climate change
objectives, energy security and the promotion of growth and jobs (CEC 2007).
The EU has set targets related to these objectives that must be implemented by member
nations. For the EU as a whole, by 2020 renewable sources of energy are to make of 20% of
energy supply (EC 2009), energy efficiency increases by 20% and a reduction in GHG
emissions by 20% from 1990 levels. This is often referred to as the ’20-20-20’ initiative
(CEC 2008). The expected result is a decrease in energy consumption by up to 15% and a
reduction in energy imports by up to 26% (CEC 2008). An aim to increase electricity
generation from renewable sources was initiated in 2001, with a directive to promote the
production of electricity from renewable sources and the aim of reaching 21% within the EU
as a whole by 2010 (EC 2001). However, in the 2009 progress report on renewable energy,
18 of the 27 member nations were unlikely to meet their targets. That said, by 2006 the share
of electricity from renewable sources had increased to 15.7% from 12.9% in 1997,
representing an increase of 21.7% from 1997 levels (CEC 2009). With the renewable energy
directive calling for 20% of the energy supply to come from renewable sources, it is expected
that electricity generated from renewable sources will have to increase to 30% in order to
meet the overall target (Great Britain 2009b).

5.3.

National - United Kingdom

The directives and view of the EU provide the direction for national energy policy of its
member states, including the UK. In accordance with the requirement of a national action
plan (EC 2009) the UK has released The UK Renewable Energy Strategy (Great Britain
2009b). This document, along with the The UK Low Carbon Transition Plan (Great Britain
2009a), provides the strategy through which the UK will strive to achieve their target of 15%
of energy from renewable sources by 2020 (EC 2009). The UK plan includes 30% of
electricity generated from renewable sources (Great Britain 2009b).
In step with EU policy and targets, the UK has created policy reflective of EM. The UK has
set an ambitious target to cut GHG emissions by 80% below 1990 levels by 2050 (Great
Britain 2009a). This commitment, combined with targets for renewable sources of energy to
reach 15% by 2020 (Great Britain 2009a), creates the need for innovation to meet policy
goals. The policies that are in place in the UK have now created incentives that will support
a wide range of renewable sources of energy, particularly for electricity generated from
renewable sources (RES-E). As such, there are unconventional opportunities to incorporate
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these sources. It is under these established policies that the use of street lights as a source for
distributed power generation via photovoltaic (PV) cells will be considered.
The UK policy documents mirror those of the EU in their multiple aims, which focus on
climate change goals, energy security and economy (Great Britain 2009b). It is evident that
the UK has aspirations for a low-carbon economy. However, with this reduction in GHG
emissions and energy consumption the government expects to benefit with job growth in the
renewable energies sector and become a leader in the industry (Great Britain 2009b). These
multiple aims reflect the underlying policy environment of ecological modernization.
These policies work in conjunction with targets that have been set for the EU and the UK
under the Kyoto Protocol, as well as setting the stage for future targets that may be set by the
EU or in global negotiations. The UK has reduced its GHG emissions by 21% from 1990
level, almost double its requirements under the Kyoto Protocol (Great Britain 2009a). The
UK is on target to meet this object but it is due largely to increasing the use of natural gas and
decreasing coal use for electricity generation (Great Britain 2009b). Therefore, policies such
promoting the increased use of renewable sources of energy may aid in the ability to meet
new targets.
Additionally, the government is taking a role in promoting technologies by working with
and providing financial support to groups that are supporting the innovation of technologies
that will aid in the attainment of the goals associated with the transition plan. This, along
with the reduction of barriers that exist for the uptake of certain technologies, further supports
the government’s strategy being based on EM. These policies are aimed at various sectors,
from home and community use of power to the transport sector and the power sector (Great
Britain 2009a). Both The UK Renewable Energy Strategy (Great Britain 2009b) and The UK
Low Carbon Transition Plan (Great Britain 2009a) illustrate changes to the policy
instruments, policy goals, hierarchy of goals and role of the state in energy generation
towards a more environmentally focused outcome. This is consistent with change on the four
levels which Eckersley (2004) sees as essential for strong EM.

5.3.1.

Relevant Policy Instruments

Support for renewable sources of energy in the UK was initially developed under the NonFossil Fuel Obligation (NFFO), established in 1990, which was support by the Fossil Fuel
Levy (Costa). The NFFO was originally created to support the use of nuclear energy and a
small amount of RES-E. The result was RES-E only increased from 1.9% in 1990 to 2.7% in
2000.
In 2002, the Renewables Obligation (RO) came into effect, which became the dominant
policy instrument governing renewables (Chalvatzis & Hooper 2009). This is a tradable
certificate scheme that requires suppliers to either buy certificates from generators that have
been awarded them, representing a set percentage of their total supply. For any portion of
this percentage that is not covered with certificates the supplier must pay the buy-out price
(Chalvatzis & Hooper 2009) (do Valle Costa et al. 2008). Under the RO solar technologies
are not covered and much of the added RES-E has come from wind (do Valle Costa et al.
2008). However, the RO has not performed as expected, with only 4.9% of electricity
coming from renewable sources compared to a target of 7.9% (Jacobsson et al. 2009).
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With the adoption of The UK Renewable Energy Strategy (Great Britain 2009b) financial
support for renewable sources of energy are provided through several policy initiatives,
including the Renewables Obligation, feed-in tariffs and the Renewable Heat Incentive. Each
of these programmes is aimed at a different piece of the puzzle needed to reduce GHG
emissions and increase the percentage of energy sourced from renewable sources. With
respect to small-scale electrical installations implemented by individuals, small businesses
and communities, the feed-in tariffs (FIT) scheme applies (Great Britain 2010); (Great Britain
2009b). It is therefore the FIT that is of interest to communities wishing to implement
technologies such as solar mounted street light masts.
Feed-in tariffs are a policy option that may be adopted by governments to support the
implementation of different sources of renewable energy. A FIT provides either a fixed price
for the energy generated or a fixed amount above the market price (Ringel 2006). The price
is, therefore, politically set and will vary according to the renewable technology (Ringel
2006).
For the UK tariff, there is a set price for the energy generated, the generation tariff, and then
an additional amount that is either fixed or may be negotiated in the market, the export tariff.
The export tariff is paid for each kilowatt hour (kWh) of electricity that is placed onto the
grid and not for electricity that is consumed locally. The generation tariff is a declining rate
payment, meaning that projects starting in later years have a lower price paid for their energy.
The design is to compensate for expected reductions in costs of certain technologies. The
FIT is designed to operate for 25 years and is indexed to the Retail Price Index (RPI). The
FIT have been selected as a policy tool to spur investment in small-scale investment in the
renewable technologies of biomass, hydro, wind, combined heat and power and photovoltaic
cells. The level of tariff, the rate of decline and the length of the tariff vary between
technologies (Great Britain 2010). The tariff is funded by distributing the costs of the
generation supported by the tariff over the entire consumer base through likely increases in
electricity prices (Great Britain 2010).
The addition of the FIT tariff as a policy instrument used by the UK government to support
the implementation of renewable sources of energy may be seen as a furthering of policy
towards EM. There is the somewhat obvious aspect of the aim to reduce environmental
harm, particularly the reduction GHG emissions, through increasing renewable sources of
energy. In reality the picture is more complicated. To provide incentives that increase
micro-generation means that there must also be collaboration and cooperation between
government and industry to make this possible in terms of the physical requirements of the
grid.

5.4.

Community Level - Ealing

The high profile of climate change has resulted in climate strategies at the lowest level of
government in the UK. The borough of Ealing in London has issued its first climate change
strategy. Though the strategy is not focused on energy generation per se, it is a factor in the
strategy as one of five themes included in their plan. The borough wishes to be seen as a
“green borough”. (Ealing Council 2008)
As part of their energy theme there is a large focus on energy efficiency in order to reduce
GHG emissions, but there is also an inclusion of sources of renewable energy. As such, new
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developments must have an inclusion of on-site renewable sources of energy. However, this
is the extent of the inclusion of renewable energy. (Ealing Council 2008)
The borough does focus on reductions in emissions of carbon dioxide (CO2). Their target
for the 2010-11 year is a reduction in CO2 emissions of 10% per capital from a baseline year
of 2005 (Ealing Council 2008). In 2005, the borough’s per capita emissions were 5.7 tonnes
per person, totalling 1 717 kt (Ealing Council 2008). This shows that EU and UK policy
focusing on climate change initiatives has trickled down to the community level, making
national goals a combined effort.
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6. Model Description
6.1.
6.1.1.

Summary of Model
Assumptions

In order for the model to remain consistent it is essential for units of analysis to be
determined. The model time step is set to represent years. The produced electricity during
the year is represented in kWh accumulated for the year based on kilowatt peak (kWp)
installed capacity. All monetary amounts are represented in the English pound, as this is the
currency in the location of analysis.
Since the analysis in Ealing is not being done for decision purposes, it was decided that a
model would be run with all light standards being replaced simultaneously. Though, in
practical terms it is not possible to replace all the lights simultaneously, it presents the
maximum benefit that might be obtained for a community and therefore has the potential to
provide motivation for action.
The PVGIS tool that is used for estimation of the electricity output of the solar mounted
light masts includes reductions in efficiency due to module temperature, decreases in light
intensity and reflected light that does not reach the cells due to the angle of incidence of the
light striking the surface (Huld et al. 2008). Losses due to variations in the spectrum of the
solar radiation and decreases in efficiency due to cell degradation over time are not included
by the tool. Cell degradation is included in the design of the model. However spectrum
variation is not considered and shadow3 losses are not considered in the model due to the
complexity of these losses.
The modules are expected to run at 95% of rated Wp for the first 15 years, 90% of rated Wp
for the following five years and 85% of rated Wp for the final five years of the project (Olsen
2010). This is the minimal guarantee of module operation, presenting the lowest expected
estimation of generation for the modules.
The cost of electricity is based on the quarterly energy price publication by the Department
of Energy and Climate Change (Department of Energy and Climate Change 2010). The
average electricity price for medium industrial users from July 2009 to December 2009 of
7.99 pence is the value used for calculation. It is the most recent value published.

6.2.

Validation of Electricity Estimations

To create a model that provides an estimation of the amount of electricity that is generated
from the PV cells, a tool developed for the European Union, PVGIS (EC 2008), was used. In
order to ensure that the results presented by the tool were realistic, actual and theoretical
electricity production from a demonstration installation of the SunMast were compared. The
installation used is a single 8 m lighting mast at the Bella Centre, Copenhagen, Denmark.

3
Shadowing occurs when a shadow falls on a portion of one of the cells in a module. This then reduces the
output current of the module due to current reductions in the shadowed cell which can be substantial if the
design of the module does not address the issue (Krauter 2006).
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The power rating for the 8 m mast is 480 Wp under standard test conditions4 (STC), generated
from 120 solar cells.

6.2.1.

Measured Data

The measured data, shown in Table 1, presents the measured alternating current (AC)
produced by the lighting mast. The date column indicates the day and month of 2009 that the
measurements were taken. The time column represents the time of day when the
measurement was taken. The AC reading is an accumulated value of the total electrical
energy generated after conversion from direct current (DC) to AC and therefore is the amount
produced after systems losses.
Table 1 Measured Data from 8 m Mast Installed at the Bella Centre

Date (dd/mm)
23/07
06/08
12/08
16/08
18/08
27/08
09/09
21/09
07/10
27/10
03/11

Time
10.00
10.00
18.00
13.00
09.00
11.00
14.00
09.00
09.00
09.00

AC Reading (kWh)
10.2
22.7
29.1
34.0
35.2
44.9
55.9
68.7
78.7
88.2
89.6

Given that the first date that measurements were taken does not have a time, the first data
considered was August 6, 2009. Therefore, if the difference between November 3 and
August 6 is taken, the result is 66.9 kWh of electricity produced.

6.2.2.

Theoretical Data

The PVGIS tool provides estimations of electricity generated from a PV installation based
on the DC Wp rating. Table 2 shows the input data used to do the estimation for the
electricity generated from the 8 m mast at the Bella Centre. The kWp is shown as 0.160 kW
and not 0.480 kW because the solar cells are distributed evenly over three faces, each facing a
different direction. Since the orientation changes with each face, the potential electricity that
may be generated will vary, and as a result each face is treated as a separate estimation. The
loss value is determined from the efficiency of the inverter and other system losses. In the
case of the SunMast the inverter efficiency is 90% and other system losses are 10%, resulting
in total system losses of 19%. The building integrated setting is used because this represents
cells which do not have open airflow, as is the case with the SunMast. Though they are not
“building” integrated, they are integrated into a structure. Finally, there are three values
given for the orientation, each one representing a different estimation for each of the faces.
In this case the central panel is at S 20° W, the west panel W 20° N and the east panel E 20°
4

Standard test conditions refer to the electricity that is produced when the cells are placed in conditions of “inplane irradiance of 1000 W/m2 (perpendicular to the module plane), radiation spectrum equivalent to the solar
spectrum at air mass 1.5 and a module temperature of 25°C” (Huld et al. 2008).
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S. The degrees given in the list correspond to the input of PVGIS which places south at 0°,
west at 90° and east at -90°.
Table 2 PVGIS Input Data for Bella Centre Light Mast

Variable
Location
PV Technology
Installed kWp
Losses
Free Standing vs Building Integrated
Slope
Azimuth (Orientation)

Value
Copenhagen, Denmark
crystalline silicon
0.160
0.19
building integrated
90°
110°, 20°, -70°

This information was input into PVGIS, which then generates estimations with a daily and
monthly value. Since the light was installed for the complete months of September and
October, the monthly values were used. For the month of August 26 days were used, as the
measurement on August 6 was taken in the morning the entire day was included. For the
month of November, 10 days were used because the final measurement was taken on the
morning of the November 11, therefore generation from that day would not have contributed
to the total. Table 3 shows the electricity estimations using the data appropriate for the Bella
Centre mast.
Table 3 PVGIS Electricity Estimations for Bella Centre Mast

Month
August
September
October
November
Total

6.2.3.

Electricity Generated (kWh)
110°
20°
-70°
5.98
8.58
7.8
4.24
8.70
6.63
2.11
6.87
4.32
0.30
1.50
0.50
12.63 25.65 19.55

Total (kWh)

57.83

Calculations for Validation

From the above analysis the theoretical electricity generation is 57.83 kWh, while the
measured amount was 66.9 kWh resulting in a percent difference5 of 16% between the
measured and calculated values, meaning that the measured value was 16% higher than the
theoretical value. From a theoretical perspective a lower number would be expected if
conditions for the measured data from the Bella Centre matched the conditions used for
theoretical calculation. In this case the biggest factor would be sunlight hours, as this is the
direct causality of the electricity generation.
Denmark has data on the sunlight hours for each month and the associated average for the
month between 1961 and 1990. Table 4 shows the measured, average values and the percent
difference between the two. It can be seen that only for the month of November was the
number of hours of sunlight below the average, which is also the month with the fewest days
contributing to electricity generation. The months of August, September and October all had

5

perecent _ difference =
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higher sunlight hours than average, and therefore would result in a greater generation of
electricity than predicted by the average. This is consistent with the measure of electricity
from the Bella Centre mast.
Table 4 Danish Sunlight Hours in 2009 Compared to Average Values

Month
August
September
October
November

Measured
(hrs)
200
160
114
26

1961 – 1990
Average (hrs)
186
128
87
54

percent
difference
+7.5%
+25%
+31%
-52%

Considering that the measured electricity is greater than the theoretical value and that the
sunlight hours were greater than average during this period, it may be considered acceptable
for estimating electricity production for the purpose of this thesis. Given that the estimations
will be done over a period of 25-years it is likely to assume that the sunlight will have an
average value over this period of time. This is of course neglecting any changes that might
occur to sunlight hours due to changes in weather patterns as a result of climate change.

6.3.

Ealing Model

6.3.1.

Model Description

The model has been designed to analyse the implications of all lights in the borough being
replaced immediately, providing a view of the best case scenario. The model consists of
three main sections: an estimation of the electricity generated from the installed photovoltaic
cells, an evaluation of the economic impact of this type of installation (both revenue and
expenditures on electricity) and an analysis of the potential impact on reductions in CO2
emissions. Each part will be discussed in turn. The model may be found in Appendix A Model.

6.3.1.1.

Electricity Estimation from Photovoltaic Cells

Certain assumptions have been included regarding the PV cells. The performance of the PV
cells is known to degrade over time, as outlined in the assumptions. This is incorporated into
the model by multiplying the generation per installed kWp by the amount guaranteed for the
year being calculated. As there are three faces on the mast the installed kWp are divided
evenly between them. The electricity output for one kWp installed is determined by adding
together one-third of the electricity generated from one kWp for each face.
The optimal orientation of the light mast is considered to be with the central panel facing
due south, the west panel due west and the east panel due east. The worst orientation that is
possible will be with central panel facing S 45° W and the east and west faces offset 90° in
either direction. The input data for the PVIGS tool is shown in Table 5. For each of the
orientations, the kWh of electricity generated was obtained from PVGIS for input into the
model, Table 6.
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Table 5 PVGIS Input Data for Ealing Estimations

Variable
Location
PV Technology
Installed kWp
Losses
Free Standing vs Building Integrated
Slope
Azimuth (Orientation) – optimal
- worst

Value
Ealing, England
crystalline silicon
1
0.19
building integrated
90°
90°, 0°, -90°
135°, 45°, -45°

Table 6 Yearly Electricity Generated per kWp Installed for Each Orientation

Face of
mast
west
central
east

Optimal
Orientation kWh
90°
382
0°
555
-90°
385

Worst
Orientation
135°
45°
-45°

kWh
236
509
511

The correct electricity estimation, optimal or worst, is set by selecting between the two
before running the model, while the year of calculation in the model selects the generation
efficiency that is used.
The total electricity produced for one year is a multiplication of the number of lighting
masts operated by the borough and the electricity produced by each mast. In the case of the
borough of Ealing, the average height for a street light mast is 6 m (personal
correspondence). However, the SunMast is not produced with a mast height of 6 m. To
address this discrepancy, half the light stock is considered to use a 5 m mast and the other
half a 7 m mast, resulting in an average height of 6 m, corresponding to present
circumstances.

6.3.1.2.

Economic Evaluation

The economics are considered in terms calculating the percentage of yearly electricity costs
that can be covered through revenue generated by the lighting masts. This will be done for
two types of cases. One will consider the net present value (NPV) (Boardman 2006) over the
entire lifespan of a project starting in 2010, replacing all light masts in Ealing, with
calculations in real 2010 pounds. The other will consider the affect of the declining tariff.
This will be done by considering what percentage of electricity costs may be covered in the
initial year of an installation starting in years 2010 through 2020, calculated in nominal terms.
The analysis based on the decline in generation tariff will only go to 2020, as this the last
year with a tariff level set (Great Britain 2010). Essentially, this provides an indication of the
result in implementing a project in subsequent years after the FIT is in place.
The revenue from generation is a result of income from the feed-in tariff, which consists of
two parts: the generation tariff and the export tariff. The export may be either fixed or
negotiated in the market. However, given that a market export tariff would fluctuate,
possibly dramatically, for simplicity purposes the guaranteed export tariff of 0.03 pence per
kWh is used. As the system is grid-tied, all of the electricity is exported to the electrical grid.

J. Tymchak

21

Therefore, the export tariff applies to all generation. The level of the generation tariff is
shown in Table 7, with values in constant 2010 pounds. This value is added to the export
tariff to provide the full value and then indexed to the RPI over time. (Great Britain 2010)
Table 7 Generation Tariff Levels Declining With Time

Year
2010
Tariff 29.3
(pence)

2011
29.3

2012
26.8

2013
24.5

2014
22.4

2015
20.4

2016
18.6

2017
16.9

2018
15.4

2019
14.0

2020
12.7

The RPI is one indicator that allows for the calculation of inflation in the UK. The year
2010 is being used as the base year for the RPI with a value of one. The yearly change is
predicted to 2014 by Her Majesty’s Treasury (Macroeconomic Prospects Team 2010) and is
then held constant (NERA Economic Consulting 2008) as shown in Table 8. The new value
of the RPI is calculated by multiplying the previous value by one plus the change in RPI.
Table 8 RPI Values Used in Model

Year
2010
2011
2012
2013
2014
2015 - 2035

% change in RPI
base year
2.6
2.8
3.2
2.9
2.8

Calculations for net present value (NPV) in 2010 are done using a social discount rate of
3.5% (HM Treasury n.d.), which is recommended by the UK government for project
assessment. The use of a government-issued discount rate was used because the project, if
implemented, would be done by a local government with the possibility of funding from
other levels of government. As such, this would be a realistic social discount rate that would
be used for project assessment.

6.3.1.3.

Carbon Dioxide Calculation

The calculation of the possible displacement of CO2 is calculated by multiplying the kWh
generated in a year by the kilograms of CO2 contained in the electricity fuel mix. For the
purpose of the model, the UK average electricity mix is considered and therefore the
associated emissions of 0.463 kg CO2 / kWh of electricity generation (Electricity Guide
2010). The potential number is calculated for each year and an accumulation is tallied for
complete model run.
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7. Results and Analysis
7.1.

Results

The results presented in this section represent the output of the model. Quantities of
electricity were calculated in kWh in the model, but results are displayed in megawatt hours6
(MWh). Carbon dioxide emissions, which were calculated in kilograms (kg), are displayed in
kilotonnes7 (kt). The change in the magnitude of the units between calculation and
presentation provides a more comprehensible basis for comparison.

7.1.1.

Optimal Orientation

The results for the case with the lighting masts position for optimal production of electricity
generation are shown in Table 9 to Table 11. Table 9 displays information regarding
potential CO2 reductions. Table 10 shows the estimation of electricity generation from the
installation of the solar mounted light masts. Finally, Table 11 provides information
regarding the project spanning 25 years, while Table 12 displays the effects of the declining
tariff.
Table 9 Potential CO2 Reductions - Optimal Orientation
The figures are given for the potential redcution per year as well as the total at the end of the
25-year period of using the light masts.

Time Period
Potential CO2
Reduction (kt)

yearly
2010 – 2025
1.35

yearly
2026 – 2030
1.28

yearly
2031 - 2035
1.21

total
32.8

Table 10 Electricity Generated – Optimal Orientation
The electricity generated per year for the three time periods and the total electricity generated
during the 25-year period is shown.

Time Period
Electricity
Generated
(MWh)

yearly
2010 – 2025
2 930

yearly
2026 – 2030
2 770

yearly
2031 – 2035
2 620

total
70 800

Table 11 NPV Revenues, Electricity Costs and Percentage of Covered Electricity Costs for the
Optimal Orientation in Real 2010 Pounds for the 25-year Project

Total Revenue
Total Electricity Costs
Electricity Costs
Covered

6
7

£15.7
(millions)
£17.0
(millions)
93%

1000 kWh = 1 MWh
1 000 000 kg = 1 kt
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Table 12 Percent of Electricity Costs Covered By Generation Revenue in the Initial Project Year –
Optimal Orientation

Year
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Electricity
95
95
87
80
74
69
63
58
53
50
46
Costs
Covered
(%)

7.1.2.

Worst Orientation

Table 13 to Table 16 represent the results for the implementation of the light masts in a
position to provide the least amount of electricity generation from the solar cells. Table 13
displays information on potential CO2 reduction from the project. Table 14 provides
information on the kWh of electricity generated from the installation of the masts. The
economics of the project over the 25-year operational period are displayed in Table 15. Table
16 displays the effects of the declining tariff.
Table 13 Potential CO2 Reduction - Worst Orientation
The figures are given for the potential reduction per year as well as the total at the end of the
25-year period of using the light masts.

Time Period
Potential CO2
Reduction (kt)

yearly
2010 – 2025
1.29

yearly
2026 – 2030
1.22

yearly
2031 - 2035
1.15

total
31.2

Table 14 Electricity Generated – Worst Orientation
The electricity generated per year for the three time periods and the total electricity generated
during the 25-year period is shown.

Time Period
Electricity
Generated
(MWh)

yearly
2010 – 2025
2 780

yearly
2026 – 2030
2 630

yearly
2031 – 2035
2 490

total
67 200

Table 15 NPV Revenues, Electricity Costs and Percentage of Covered Electricity Costs for the
Worst Orientation in Real 2010 Pounds for the 25-year Project

Total Revenue
Total Electricity Costs
Electricity Costs
Covered

J. Tymchak

£15.0
(millions)
£17.0
(millions)
88%
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Table 16 Percent of Electricity Costs Covered By Generation Revenue in the Initial Project Year – Worst
Orientation

Year
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Electricity
90
90
83
77
71
65
60
55
51
47
44
Costs
Covered
(%)

7.2.
7.2.1.

Analysis
Generation

The electricity that is generated from the photovoltaic (PV) panels does not vary
significantly between the optimal and the worst orientation of the masts. The percent
difference8 between the total generation for the two orientations is 5%. Given that this is an
estimate based on a software tool’s output (PVGIS) and calculations based on a model, the
difference is quite negligible. As a result the exact orientation of lights does not have to be
considered when installing the lights, as the orientation will have little effect on the output.
As a consequence there is not a significant need to analyse how to orient the mast, making
them simple for planners to incorporate. As well, it is likely not possible that all of the lights
would be oriented optimally.
Currently the street lights in the borough of Ealing consumer approximately 12 500 MWh
of electricity annually. When the highest estimated electricity generation is considered, 2 930
MWh from the optimal orientation of the masts between 2010 and 2025, 23.4% of the
electricity consumed by the lights could be considered to be self generated. With the lowest
estimate, 2 490 MWh from the orientation of the masts between 2031 and 2035, 19.9% of the
consumption is covered. This is based on the current use of high pressure sodium and low
pressure sodium lamps being used as the light fixtures.
The United Kingdom is estimated to have 7.5 million streets lights (Electricity Guide 2010).
Ealing’s 23 291 street lights (foirequests 2010a) represent 0.31% of the installed lights in the
UK. If the average mast height is assumed to be 6 m, as in the case of Ealing, then it is
possible to consider the implications if all of the lights in the UK were replace with solar
mounted masts. Once again consider the two extremes of yearly estimations in electricity
generation output by the model, the national generation potential may be calculated. For the
yearly maximum generation, the national production would amount to 940 GWh while for the
minimum it would result in 800 GWh produced. These are crude estimates given that the
annual irradiance levels would vary throughout the UK. As well, the average mast height of
6 m may not be accurate. Ealing being a residential borough of London does not have to
light many major motorways which require higher masts. Since these exist throughout the
UK, the average mast height might be higher.
The total yearly supply for of energy for the UK in 2008 was 401 TWh (MacLeay et al.
2009). If the maximum possible amount of 940 GWh is considered, this represents 0.23% of

8

%diff =
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total supply. In terms of electricity generated from renewable sources, the UK produced 21
597 GWh in 2008 (MacLeay et al. 2009). Therefore the potential generation of 940 GWh
from the solar mounted light masts would represent an increase of 4.4% of the electricity
generated from renewable sources.

7.2.2.

Carbon Dioxide Reduction

The reduction of carbon dioxide will be analysed in terms of potential. Essentially these
numbers represent the maximum possible amount of carbon dioxide (CO2) that could be
prevented from being released into the atmosphere. For this to be the case they are based on
the assumption that an amount of traditional generation corresponding to the amount
produced by the solar panels will be decommissioned. It is with this idea that the numbers
for reduction are presented.
Due to the low variance in the difference in potential generation between the optimal case
and worst case, there is not a significant variation between the possible carbon reductions in
the two circumstances. The optimal case displacing 32.8 kt and the worst 31.2 kt resulting a
percent difference of 5% between the two values. This is unfortunately not a significant
impact of the UK’s yearly emissions of 557.86 Mt of CO2, which represents the 2006 figure
(Choudrie et al. 2008).
If a best case scenario was considered and all of the generation from the PV displaced coal
generation then these numbers would increase. For a UK average of 0.891 kg/kWh CO2
(nuclear org) this would result in a reduction of 63.1 kt for the optimal case and 59.9 kt for
the worst orientation. This however, in national terms is not a significant impact.
These numbers may also be considered in terms of how they impact Ealing’s carbon
emissions. Per capita emissions of CO2 for the borough in 2005 were 5.7 t, totalling 1 717 kt
(Ealing Council 2008). The borough’s goal for 2010/11 was a reduction of 10% per capita
from the 2005 levels (Ealing Council 2008). The result is an overall reduction of 172 kt of
CO2. Using the optimal level of CO2 reduction, the use of the solar mounted street masts
would contributed 0.78% towards Ealing's goals for carbon dioxide reduction in 2010/11.
The analysis of carbon dioxide reductions may also be conducted from the perspective of
the lights themselves. Using the average CO2 emissions from the UK energy mix of 0.463
kg/kWh CO2 (Electricity Guide 2010) and the electricity consumption of borough’s lights of
12 500 MWh (foirequests 2010a), street lighting is responsible for 5.79 kt of emissions per
year. Consider the potential reduction range for the lights, the use of the solar mounted masts
would reduce emissions from the lights by between 19.9% and 23.3%

7.2.3.

Economics

Table 12 and Table 16 display the effect of the declining rate of the FIT. The numbers
show the percentage of electricity costs covered for a project beginning implementation in a
future year of the tariff. For the optimal orientation the percentage of the electricity costs that
can be covered reduces from 95% to 46%, showing a drop of 49%, if the project start date is
2020. If the worst orientation is used the reductions is from 46%, with only 44% of costs
covered if first year implementation is in 2020.
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8. Discussion
8.1.

Impacts from Ealing – Local to National Level

When considering the use of a specific technology there are several scales of analysis that
may be considered. In the case of the solar mounted light mast the impacts on generation and
carbon reductions may be analysed at the installation, community or national level. The
varying results can affect how the technology is viewed for effectiveness. In this case it is
important to keep in mind that the technology in questions deals with a means of microgeneration. As a result the quantities of generation being considered are not utility scale,
therefore individual installations cannot be expected to produce drastic impacts at a national
scale.
In the UK the SunMast does not appear to have the potential of large impacts, representing a
potential reduction of less than one percent of carbon dioxide emissions if all lights in the UK
were replaced. This may be due to an evaluation at the incorrect scale. It is in considering
the direct reduction that the solar mounted light mast may have in reducing the net energy
requirement of street lighting that provides a more appropriate level for evaluation. In the
worst case scenario, the lights may produce 19.9% of the electricity they require for
operation, therefore displacing 19.9% of the carbon emissions produced from the service of
street lighting.
From an economics perspective, the project if implemented immediately would be able to
cover roughly 90% of the electricity costs for the life of the installed masts. If 90% of the
electricity costs are covered that implies that the budget of the council has reduced its
operation and maintenance for street lights, providing a strong economic incentive. There is
large caveat with this analysis. The analysis uses predictions of inflation to determine the
level of the FIT and predictions of energy prices. The inflationary predictions are of less
concern than the electricity prices which will present volatility due to changes prices in
primary energy supply. If energy prices rise greatly, this may reduce the percentage of
electricity costs that are covered. However this does not necessarily imply that it will reduce
the attractiveness of the technology. If the prices rise greatly, local governments may be
interested in finding sources of revenue to offset these increased costs.
Though the consideration of micro generation to the overall national energy mix is not
useful, do to magnitudes of scale, the impact on electricity generated from renewable sources
(RES-E) may be considered when implementation is on a national scale. In the case under
discussion, if the lights were implemented throughout the UK, there is the potential to
increase the amount of RES-E by 4.4%, providing some contribution to the goals of
renewable energy generation.
The economic calculations have been limited to the impact on electricity costs for the
borough. This is partly due to incomplete information on capital and maintenance costs for
traditional lighting versus the SunMast. However a cost-benefit analysis from the point of
view of the borough would likely not move beyond incorporating the economic benefits of
the FIT and not adequately value the reduction in electricity requirements and potential
carbon dioxide reductions on a larger scale.
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Ealing, England represents the analysis of a northern latitude. As a result the calculated
electricity generated and CO2 reduced provide the minimum functioning of the technology.
The result for more southerly locations, including the Mediterranean within the EU, would
likely see increased benefit from the SunMast.

8.2.

The Role of Technology

The results calculated may be considered a worst case scenario for the potential impacts that
street lights may have on reductions in generation requirements and CO2 emissions. The
potential benefits of the SunMast could be further enhanced by incorporating other
technologies, including the use of light emitting diode (LED) technology in lamp fixtures and
controls systems to reduce the hours of operation.
LED technology that has been trialed in Ann Arbor, Michigan is considered to have the
potential to reduce energy requirements from street lighting by 50% (City of Ann Arbor,
n.d.). If further technologies such as these were implemented in conjunction with the solar
cells, there would be potential reductions of upwards of 70% in emissions from street lighting
as compared to traditional technologies. Furthermore this type of implementation provides
the ability of a community to provide an example to citizens in the provision of services in a
manner that reduces harm to the environment.
In a longer time frame, micro-generation from PV has the potential to increase in
attractiveness with increases in the efficiency of solar cells. An increase in efficiency from
17% to over 40% could impact the ability of PV to contribute to generation numbers on a
national scale. The effects this may have on price are difficult to determine due to issues of
supply and demand, as well as material costs (Price & Margolis 2010).

8.3.
8.3.1.

Policy
Policy Interactions

The United Kingdom has moved from using solely the Renewables Obligation (RO) to
increase the use of the renewable sources of energy, to incorporating feed-in tariffs (FIT) for
micro generation into their policy strategy (Great Britain 2009b). This is an interesting
combination of the use of FIT and tradable green certificates. The use of these policies is to
meet national goals of transitioning to a low carbon society (Great Britain 2009a) and the
goals of the European Union which have provided a driving force for the national goals (CEC
2007).
The original EU proposal for the support of renewable supplies of energy was based on the
use of harmonized tradable green certificates, of which the RO is an example, but
subsequently provided an opt out option (Jacobsson et al. 2009). As a result both exist in the
EU, but experience has show that FIT often provide more renewable energy at a lower price
(Jacobsson et al. 2009; Chalvatzis & Hooper 2009). The use of the FIT by the UK may
provide them with a means to increase the share of RES-E as well as diversify their sources
since the RO resulted largely in wind energy being installed (do Valle Costa et al. 2008).
Perhaps one of the most contentious issues of implementing renewable sources of electricity
generation is whether or not they actually impact GHG reductions. How the carbon
emissions are affected will depend on whether the renewable energy sources are installed to
J. Tymchak
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replace existing coal generation, as a form of increased capacity or for peak load (Blanco &
Azqueta 2008). It is optimal for the generation to displace coal, however it may be the case
were it increases capacity. If it is reducing the need for new sources of fossil generation that
it may still be valuable. However it is important to consider what is happening to the existing
fossil fuel generation when incorporating renewable sources of energy to ensure that the
potential benefits are clearly understood. With this in mind, the true impact of the FIT, as
well as the other policy instruments supporting renewable sources of energy, will depend on
the actions of the UK government with respect to generation by all sources.
A further concern with this type of policy is that there will be policy lock-in or technology
lock-in. As the FIT has been developed with a finite lifespan, the fear of policy lock-in is
minimal. A shorter span would not provide a stable enough environment for people,
businesses or communities to take advantage of the opportunity.
Technological lock-in is a different concern. In the narrow sense, the use of solar mounted
light masts, technological lock-in is not a concern. There will be no increase in energy
requirements from the SunMast and if decommissioned at the end of a 25-year life other
alternatives for street lighting may be installed. As the mast is also independent of the light
fixture, this may be changed during the lifespan of the light mast. However where
technological lock-in may be a concern is the focus that is placed on the development of PV
technologies. If too many resources are placed in development of technology in this area,
opportunities may be missed in other areas or renewable energy generation. Given that the
UK is using instruments focused on different technologies (Great Britain 2009b), this may
not be likely to occur with respect to traditional technologies. Where lock-in may occur is in
the focus on traditional sources of renewable energy to the detriment of emerging
technologies.

8.3.2.

Feed-In Tariff

Considering the fact that the SunMast makes no noticeable impact on generation numbers
on a national scale when implemented locally or nationally, it is likely that the SunMast will
not significantly impact energy security in the UK. Furthermore, as the SunMast is not likely
to be implemented nationally, those installations could proxy as other PV micro-generation
sites. With this view, it is still not likely that micro-generation from PV will greatly impact
the energy security of the UK. All is not hopeless for the FIT tariff though. The FIT covers
several technologies and the combination of all micro-generation will likely provide single
digit contribution to the energy mix. As the problem is large, even single digit contributions
will be required and helpful to increasing energy security and reducing CO2 emissions.
From a national level the appearance of low levels of micro generation make the policy
seem ineffective. However it is important to remember that renewable sources of energy
provide some difficulty for integration into the electrical grid due to their volatility in
production levels and the difficulty in predicting the generation amount (Ringel 2006). In
this respect, the FIT must be designed to recognize these limitations and aim at incorporating
an amount that can be integrated into the grid while maintaining the security of the supply.
So, though the numbers do not appear large nationally this may be by design.
The FIT is designed for individuals, business and communities to install their own
generation. From the perspective of an individual, this may provide an excellent opportunity
for awareness building of electricity consumption. If people install micro-generation with
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metered output, in addition to metering consumption, they have the ability to evaluate how
their consumption and production compare. Having the two parts of the equation provides
people with the power to ‘control’ their energy balance. In this way, the FIT may contribute
to smarter use of electricity for end use services. A study of how individuals with metering
and installed micro-generation have changed their electricity use habits could provide an
interesting means of assessing the impacts of the FIT.

8.4.
8.4.1.

Ecological Modernization
In the United Kingdom

Eckersley (2004) identified four levels where reflexivity must be present for strong
ecological modernization to be present: policy instruments, policy goals, hierarchy of goals,
and the role of the state. With respect to electricity supply, these aspects may be considered
in regards to the United Kingdom.
The use of policy instruments, and the changes the UK has brought into effect with the
adoption of The UK Renewable Energy Strategy (Great Britain 2009b), provide some
indication of the willingness and ability of the government to react to their surrounding
environment. With the use of the RO, the United Kingdom was not on track to meet its goals
for RES-E (Jacobsson et al. 2009). Rather than accept this result of the present policy,
changes were made by the addition of the FIT which supports micro generation through
biomass, small scale hydro, small scale wind, and small scale photovoltaic installations
(Great Britain 2010). This provides support for alternative energy sources that the RO was
unable to achieve, exhibiting the willingness of the government to adapt.
With respect to policy goals, the UK government has exhibited that it places importance on
meeting objectives of the environment, energy security and jobs with the adoption of the UK
Low Carbon Transition Plan (Great Britain 2009a). The goals are evident from the policy
and provide an indication of the importance that is being placed on issues concerned low
carbon energy by the national government.
The hierarchical position that is placed on low carbon solutions is not as clear. In the
transition there is still a need for gas and oil supplies (Great Britain 2009a). Policies that go
towards supporting these traditional sources of generation may have greater importance than
those concerned with renewable supplies of energy. Though the low carbon future is now a
goal, it may not be adequately high enough to provide changes in a timely manner.
Through the changes in policy instruments and goals, the government may have slightly
changed the role of the state with respect to the implementation of renewable sources of
energy. They have made it simply and more universal to use renewable sources of energy for
electricity generation. However this change may not represent a significant enough change to
render it a major shift.
The government of the UK can be seen to be moving towards a state of strong ecological
modernization with respect to energy supply, but it is by no means there yet. It is likely the
removal of policies that are counter productive to policies aimed at developing a low carbon
society, will aid in its movement towards the strong end on the continuum of ecological
modernization.
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8.4.2.

Addressing Criticisms

One of the largest criticisms that exists with regards to ecological modernization is the lack
of social justice and equity in the theory. However there is nothing in EM that suggests it
must be this way. That is to say, there is no reason why it cannot be combined with another
theory that addresses social justice and equity.
George Monbiot (2010) highlights this problem with the design of the FIT from the UK. As
the FIT requires electricity suppliers to pay the premium price for renewable sources covered
under the tariff. This cost will then get passed onto customers. Therefore poor customers
who cannot afford to invest in renewable energy will subsidize those in the middle and upper
class that can afford to, hence the injustice.
The point is valid but perhaps not insurmountable while maintaining consistency with the
policy and alleviating some of the burden from poorer households. The use of a second
policy instrument which could provide grants to poor individual or groups wishing to install
renewable sources could address the problem. It does not provide a perverse incentive to the
exiting policy, yet allows the issue brought to light by Monbiot to be addressed.
In general, the UK government recognizes and is addressing issues of fuel poverty, defined
as spending greater than 10% of household income on adequate heating (Great Britain
2009a). Whether initiatives used to address this are adequate to reduce the inequality is
beyond the scope of this thesis. However the goals of ecological modernization do not
preclude recognition of issues of social injustice. Addressing social issues may come at a
cost to citizens but it should not impact the decoupling of economic growth and ecological
harm.
A further concern that is raised with EM is that environmental improvements made in one
location result in harm in another. With respect to the solar mounted lighting masts, this
would mostly be associated with the photovoltaic cells as they represent the component that
is fundamentally different from traditional light masts. In this case, cells produced by QCells are used on the SunMast. The production of the cells was at one point confined to
Germany by Q-Cell (Price & Margolis 2010), but has of 2009 they have opened a
manufacturing facility in Malaysia (Q-Cells 2010). Strictly speaking, regardless of the
whether they are produced in Germany or Malaysia, the environmental damage from their
production is somewhere other than the UK. However from a more practical view point,
Germany is also a member of EU and is part of the common market, while Malaysia
represents a country of little relation to the UK and has a lower standard of living. Therefore
cells produced in Germany could be considered acceptable while those in Malaysia would
not.
For the disposal of the cells it is not clear as to where the environmental impacts would be
located. Recycling of PV cells is becoming an issue as installed cells are reaching their end
of life and the industry would like to be seen to close the production cycle by making new
cells out of old ones. As the EU Directive on waste electrical and electronic equipment
(WEEE) does not include photovoltaic cells, the industry has begun to establish a voluntary
take-back program by the European Association for the voluntary take-back and recycling of
photovoltaic modules or PV CYCLE (EPIA & PV CYCLE 2009). This again comes down to
location. If the placement of a recycling centre is in Germany, then the environmental harm
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remains within the common market. However if the recycling is shipped overseas then the
EU is benefiting at the expense of another nation.
As can be seen by the example of photovoltaic cells, the displacement of environmental
harm to other locations is not always clear. However, it is possible to evaluate options with
this as a criterion. Once again, there may be financial implications but on a grand scale it
should not impact the decoupling of economy and the environment. It is possible that
maintaining the entire life cycle of PV in the EU may be beneficial because it requires jobs in
order to perform tasks at all points throughout the cycle.
Further criticism of EM regarding the growth outpacing gains in efficiency, lack of
frequency in illustrating how EM can be beneficial, and that the institutions of ecological
modernized nations are not the cause of ecological improvements are difficult to address with
the limits of the topic presented in this thesis. Due to this they can not be addressed further.
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9. Conclusions
The aim of this thesis was to determine, in the context of ecological modernization, whether
solar mounted street light masts could represent a viable source of RES-E. The use of street
lights was considered as an infrastructure source to utilize, because they are numerous,
omnipresent in developed nations and periodically need replacement. More than 7.5 million
street lights exist in the UK while the United States has a stock of over 37 million. The
Scotia™ SunMast was selected, because the PV is integrated into the mast, resulting in
limited opposition for aesthetic reasons, and it is grid-tied, ensuring reliability of light
provision.
The model implementation in the borough of Ealing, England calculated the potential
electricity generation from installing the SunMast, the potential carbon dioxide emissions
saved, and the percent of the electrical operating costs covered from FIT revenue. The
analysis used a model implemented in STELLA with electricity estimations from PVGIS.
The model was run over 25 years, representing the life of the FIT and the life of the PV cells.
It was found that the solar mounted light masts had the potential to produce between 19.9%
and 23% of the electricity required for operation and consequently reduce the same
percentage of carbon dioxide emissions. With the presence of the FIT, the generation
covered between 88% and 93% of the electricity costs for the operation of the lights. This
illustrated that apart from environmental perspectives incentives clearly exist from economic
standpoints, both for communities and individuals to implement RES-E technologies.
However, it was also found that with the existing state of technology the incentives to
implement a project decline with first year implementation cost coverage declining from 90%
to 44%, starting in 2010.
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Appendix A - Model

Tariff Comparison
Yearly Percentage Covered
total electricity cost

changing

yearly

value of

rpi

rpi

cost
nominal pounds
percentage of costs

cost

nominal pounds

nominal pounds
revenue
nominal pounds
~
change in
rpi

revenue
nominal pounds

Table 1

real pounds 2010
accumulated costs

percentage of costs
real 2010 pounds

~
export
tariff

declining
tariff

yearly
generation
kWh

real pounds 2010
accumulated revenue

Yearly and Total Carbon Reductions

yearly

Economics Project Basis

generation
kWh

total electricity cost
yearly

electricity

real pounds

consumption
yearly kWh

yearly costs

CO2 emissions
kg per kWh

real pounds 2010
accumulated costs

electricity cost
yearly CO2

per kWh

reductions

year increment
social discount

kg
total CO2 reductions

rate

during project
real pounds 2010
real pounds

kg

accumulated revenue

yearly revenue

yearly
mitigated CO2
generation
tariff

kg

export
tariff

yearly
generation
kWh

Orientation Selection

Select between the optimal or worst orientation of
the lighting masts.

Optimal Worst
Yearly Revenue Generation
Generation per kWp Installed
light
stock

kWp Generation
yearly
generation
kWh
West Panel

Central Panel
East Panel

total generation
kWh

Generation per
7m mast

Generation per
6m mast

Optimal

Worst

Central

Central

Optimal Worst
West West

Optimal

Worst

East

East

Orientation Selection
Optimal Worst
kWp per
6m mast

kWp per
7m mast

Generation
per kWp

current
year

Generation per kWp outputs
the amount of electricity
produced per kWp on the
light mast, with 1/3 coming
from each face of the mast.
The selection from the three
years is based on the running
time of the simulation.

kWp Generation provides the output in kWh of
electricity produced from 1Wp of installed solar
- selection may be made between whether the
orientation is optimal or worst case

kWp Generation
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