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Abstract

With increase in climate change effects around the world and buildings being
responsible for a high contribution of carbon emissions especially urban areas, local
authorities need to take the lead and responsibility in setting up climate change
mitigating schemes which would include increase in micro energy generation through
introduction of low carbon technologies in order to reduce carbon emissions, eradicate
fuel poverty and provide job opportunities. However there is presently a minute level

of implementation of low carbon technologies within the urban community.

This study investigates the feasibility of implementing renewable power energy
generation within Springburn a suburban community at microgeneration scale and
predicting the potential energy supply per identified location and analysis of the
demand-supply matching. It describes how tools like Google Earth can be used to
acquire data in a cost effective approach by identifying potential roof tops of 10,400
dwellings for PV mount and vacant lands for wind turbines that would be geo-

referenced in a GIS environment in order to predict potential energy.

The objectives of the study are to determine a methodology for site selection of
microgeneration of power; spatially identify and assess the renewable energy potential
of sites in Springburn; assess the energy demand/supply matching within the study
area; generate a GIS based demand and renewable energy map of Springburn

community; and formulate recommendations for community micro power generation.

The investigation revealed thermal requirement were achieved via electric supply in
most dwellings; low energy/km? hence only 20% of electrical consumption is met via
renewable energy sources; and energy supply was best reserved for commercial
energy users.

This led to recommendations for the local governing authorities of Glasgow that
include review of existing policies, introduction of new electricity trading schemes
and increased roll out of energy/carbon reduction initiatives. Demand and supply
energy geo - database and maps were generated and a GIS based decision support tool

was created.
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Chapter 1 Introduction

1.1. Background

Tackling climate change is a global issue as its threat are becoming surreal as years go by and
neglecting it could lead to several terrible consequences for the human race. The human race
needs to rise to the challenge of mitigating and or reversing climate change in order to avoid
possible extinction from earth. (7) (8).This has necessitated policy makers, governments,
scientists, engineers, developers and others to use technology to assess and understand the
impacts of climate change and eventually plan effective solutions to combat this change. (9)

Cities are responsible for around 80% of the world’s greenhouse gas emissions. (10) The UK
urban environment is responsible for a large amount of carbon emissions from buildings with
most of these emissions coming from residential buildings (11). The use of electrical and heat
energy in buildings is responsible for these high carbon emissions. The UK government in
2008 through the Climate Change Act set a greenhouse gas emission target of 34 % by 2020
in an attempt to meet the 2050 target of 80 % greenhouse gas cut. (12) While in 2009 the
Renewable Energy Directive set 15% energy consumption from renewable sources by 2020.
(13). The Scottish government on the other hand is more ambitious and as such set 31 % and
50 % gross electricity generation from renewable sources for Scotland and an equivalent of
11 % heat demand from renewable sources by 2011 and 2020. (14).

But in order to achieve such ambitious goals, the built environment would need to be fully
involved as most of the buildings existing presently would still be in use by 2050. (10) This
thus necessitates the need to transform the urban community into a low carbon community by
minimizing energy consumption whilst developing and implementing clean energy sources
and technologies. (15) This would include such measures as improving energy efficiency and
microgeneration through retro-fitting of renewable energy sources or low carbon technologies

within the urban environment. (10)

Microgeneration according to the DECC, is the generation of low, zero or renewable energy
at a micro scale. (16) Under the UK Energy Act of 2004, micro generation is defined as heat
generation at less than 45kW and less than 50kW for electricity generation within community

scale capacities. (16). Some of the benefits of microgeneration highlighted by the DECC are:
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1. Reduction in energy bills and immunity of consumers to future rises in energy costs
2. Reduction in transmission losses through decentralized electricity generation and gas
distribution.
3. The Feed - In -Tariff incentive to drive consumers to invest in renewable energy
sources and even a reduced VAT for purchase.
However with the above benefits and incentives, resistance to change on local individual
ownership of renewable energy sources still subsists. (17) This could thus slow down the
possibility of achieving the set targets by governments in order to mitigate climate change
effects as argued by others. (18). Although the Renewables Obligation policy was enacted in
order to promote generation (18) but it does not seem to have achieved its purpose as
anticipated. This is worthy of examination, in order to enact newer policies that would
encourage other groups of individuals, communities, local authorities to invest in

microgeneration of heat and power based on findings after this study.

The success of implementation of renewable energy sources at microgeneration scale would
involve a lot of intelligent decision making, planning and monitoring by the local authorities,
since the approach is at a microgeneration scale needing the use of effective tools to
strategically site and assess the potential of renewable energy source available geographically
through the use of Geographic Information System (GIS) as renewable energy sources have
geographical qualities which are suitable for geographic analysis in the strategic planning of

new facilities (19).

1.2. Geographic Information and Local Governments

Vanessa Lawrence, the director general and CEO of Ordnance Survey Great Britain, in her
foreword to the book Geographic Information Management in Local Government
acknowledged local governments as pioneers of digital information having recognized the
potential of digital geographic data way ahead of their central counterparts and operators in
the private sector. (20) Thus the local governments have from an early start relied upon
geographic data for their day to day service delivery. (21). However the local governments
are now saddled with the task of strategic policy decision-making role at the local level, and

needs to meet wide range requirement of government targets (21), hence the need for the
-2-



evolution of geographic information system (GIS) from mapping and visualization tools to
predictive analysis and trend tools there by facilitating policy making, grant allocation,
community strategy and public service delivery.(21) Decision making based on geography is
a rudimentary human process which governments, policy makers, architects, engineers,
investors, merchants all apply in order to make strategic decisions.

Geographic Information System is a technological tool for comprehending geography and
making intelligent decisions. (22). Another source describes GIS as a system that allows one
to view, understand, question, interpret and visualize data in many ways that reveal
relationships, patterns and trends in the form of maps, reports and charts. (23). While the
Chorley report describes GIS as “a system for capturing, storing, checking, integrating,
manipulating, analysing, and displaying data which is spatially referenced to the earth”
(DOE, 1987, cited in (20 p. 6)).

According to a revised version of Longley’s (2005) representation of relationship of
governments and communities with decision making depicted in Fig 1, shows the different
echelons of decisions making and responsibilities from the central governments to the local

communities

Central Government Organizations

e handles national audit/inspection and drafting of legislation

State/ Regional Government

¢ handles regional and state policy

Local Govenment

e concerned with neighboorhood service provision

Real Communities

e benefactors of service provision

Figure 1 Use of GIS at different levels of Government decision making (21)
-3-



However this study focuses on the bottom two of the echelons, who are directly linked to the
transformation of the community to a low carbon one and must therefore work together as a

team.

1.3. Importance of Geographic Information

The importance of information and geographic information as adopted by Masser (1998) are
summerised as follows:

1. A Resource as acknowledged by Cleveland (1985) who delves on to differentiate this
from the economic terminology for resources. He argues viz.: information is
expandable and increases with use; information is compressible and can easily be
summerised; information is substitutable with other resources like physical facilities;
information is diffusive; and in Eaton and Bawden’s (1991) view, information is
sharable, not exchangeable, can be given away and retained at the same time (24).

2. A Commodity which can be traded and yet retained by the seller for another future
transaction to another wilful buyer (24).

3. An Asset that needs to be effectively managed by governments in the national interest
(24).

4. An Infrastructure comparable with transport networks, power, healthcare etc. that

needs to be provided by the government (24).

The importance of geographic information can consequently be appreciated to be
immeasurable within the confines of governments and its robust use within the departments
cannot be overstated. However limited availability of GIS facilities and trained GIS users in
units other than GIS unit within central and local governments are responsible for the slow
pace of GIS application in other sectors apart from land and property. (25) This is buttressed
by Longley et al (2005) who claims there are just about 4 million users of GIS spread across
2 million sites across the world. (21)

In Glasgow city council, the use of GIS technology is most active in the land and property
units than in the energy efficiency and renewable energy units even though the units fall
under the Development and Regeneration Services department. These units being no island
depend on each other for the functionality of the larger department. However if each unit had

a trained GIS user it could help in facilitating the job description of each of the several units.
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In an enlightening interview session with members of the Sustainable Glasgow and the
Energy efficiency teams, there was a concord on the use of GIS technology to aid the work of
these teams via the Energy maps that would depict the energy consumption of buildings
within the city and the potential renewable energy supply that can be generated at a per
building level of analysis. This is in line with the Sustainable Glasgow report which advised
for the following:

1. Creation of an energy masterplan for the city (10 p. 21)

2. Development of agreed indicators for measuring city’s progress

3. Creation of a decision support system and

4. Monitoring impacts of progress (10 p. 22)
The creation of a decision support system is tied to the creation of an energy masterplan as
the attributes of the latter are built on to achieve the former.
A GIS based tool effectively handles the requirement of the Sustainable Glasgow report and
can be used to monitor the impacts of progress from the update of the GIS energy database.
The report also identified the key drivers to achieving a sustainable city as:

1. Carbon Reductions

2. Eradication of fuel poverty and

3. Provision of Job opportunities (10 p. 10)
With the introduction of a GIS based decision support tool, the first two key drivers would be
achieved, and with the implementation of the carbon reductions technologies and GIS
monitoring, job opportunities would be created within different sectors of the economy.
In view of the highlighted concerns, there was a need to study a much smaller area of
Glasgow city that can be scaled up for use anywhere within the Glasgow city boundary.
Considering Glasgow is a large city, Springburn Community was chosen; a suburban area
within Glasgow city with a large population density, a mix of domestic and commercial
activities and within 3 km distance from Glasgow city centre and also benefits from amenities

and infrastructure as the larger city.

1.4. Project Requirement

In order for local governments to achieve their goal towards a low carbon economy, the

already built environment would need to be carried along as 70% of buildings that would
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exist in 2050 have been built (26). As such, these buildings would need to be retrofitted with
low energy renewable technologies in order to reduce their carbon foot print. Previous
research have concentrated effort on zero carbon economies which are strongly associated to
new builds or new cities like the MASDAR city in the United Arab Emirates until research

proved that existing buildings generate a significant amount of carbon foot print.

To achieve a low carbon economy, the local governments would need to make strong
political commitment in order to drive change and make use of their planning and enabling
powers. (26) They would need geographic tools like GIS energy maps to accurately identify
areas with good economic energy potentials and renewable technologies that could be placed
in these identified sites.

The importance of this area of study is thus to generate a decision support tool that will
facilitate and guide the local authority’s decision makers planning a low carbon community
and also aid the award of grants and incentives to site owners with suitable energy potential

for micro heat and power generation.

1.5. Research Focus

The Energy and Climate Change minister Greg Baker in June 20011 clamoured for a
revolution in energy generation at a local level, giving genuine power to the people. If this is
to be achieved, local governments across the UK have to put up an intelligent strategic plan
in order to accomplish the Energy minister’s directive (27). Local governing authorities have
a key role to play in coordinating action, making full use of planning powers and acting as

pioneers and champions for the development of decentralized energy networks (26)

This research embarks on using Google Earth (GE) as a spatial resource in conjunction with
GIS techniques to put up a framework for achieving a low carbon community through micro
heat and power generation for Springburn community, a suburb within Glasgow. The
potential of the following renewable sources would be studied and its economics of scale

taking into consideration:

1. Photovoltaic

2. Solar thermal collectors

3. Combined heat and power (CHP)
4. Wind Turbine



5. Biomass

With the energy supply potential of the above mentioned renewable sources identified, a GIS
based energy map of Springburn area would be prepared to establish the siting of each of the
renewable technologies. These energy maps can then be useful for policy makers, local
council, engineers, developers, architects, and investors in selecting sites for microgeneration
of heat and power from these renewable energy sources available within Springburn
community and predict the energy potential available from these sites. A renewable energy
database of the identified prospective sites would also be created in order of potential energy
available.

The energy maps and potential energy supply database of properties would help to facilitate
award of grants to site owners with best energy potential while helping to eliminate the award

of grants to sites with little or no feasible energy potential.

1.6. Overall Research Aim and Individual Research Objectives

The general objective of this study is to geographically identify and analyse the potential of
feasible sites for micro heat and power generation using renewable technologies like PV,
Solar thermal collectors, Wind turbines, CHP and Biomass within Springburn, a suburban
community within Glasgow in order to achieve a low carbon community and to develop an
updatable Renewable Energy GIS database for the properties identified based on this study

for effective planning and monitoring for decision makers and investors.
The individual objectives of this study are to:

1. Determine a methodology for microgeneration of heat and power site selection

2. Spatially identify and assess the renewable energy potential of sites in Springburn

3. Assess the energy demand/supply matching within the study area

4. Generate a GIS based demand and renewable energy map of Springburn Community

5. Formulate recommendations for community micro heat and power generation



Chapter 2 Literature Review of Existing Cities and Approach

2.1. GIS use in Analysis of Profitability of Potential Wind Power
Sites

California, United States

The energy crisis of the seventies in the United States led to the establishment of the Solar
Energy Research Institute which later became National Renewable Energy Laboratory
(NREL) (28) which was mandated to advance work on renewable resources including wind,
solar, biomass and geothermal. (22)

The most prominent research of NREL was on wind energy, which coupled with GIS
technologies, the team determined most favourable locations for wind farms based on
transmission cost, location of load centres in connection with proximity to national electric
grid. The benefactors of this project included utility developers who had all the information

the needed about potential site without having to physically visit the site.

Providing Validated Wind Resource Maps at Modern Wind Turbine Hub Heights

indiana - 50 m Wind Speed Indéana - 70 m Wind Spaed Indiana - 100 m Wind Speed

| -:.f"' o "‘g

Figure 2 Indiana Wind Resource Map (22)



2.2. GIS use as a Marketing Strategy for Wind Energy
Investment

Cascade County, Montana, United States

The Cascade county, used GIS technology to create business for the county through
investment in production of wind energy maps with which information such as best wind
power resource areas within the county, wind speeds in these areas, wind speed estimates 50
meters above the ground within the county, topography and parcels of lands that fall in this
choice category available for lease by the county.

The county uses this valuable information as a key marketing strategy to steer investors and
developers to invest in the county thereby encouraging local investment in the county and as
admitted by the Cascade county commissioner Peggy Beltrone “the advantage of using GIS
in the marketing of wind is that it gives developers a lot of information that they need to
decide whether or not placing a wind turbine in this area is going to work for their power

needs and their budgets”

Wind Speed Cascade County, Montana
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Figure 3 Wind Speed Map (22)



The county also provides custom wind maps for clients who require further information. This
has helped to facilitate the development of wind farms within the county in a shorter time

frame than if the investors were to carry out their own analysis.

2.3. GIS use in Development of Solar Power Investment

Boston, United States

In 2007, the mayor of Boston, Thomas Menino initiated the Solar Boston project in order to
encourage and develop the extensive use of solar power through the city in order to meet the
city’s greenhouse gas reduction targets. A target of 25MW of solar power by 2015 was set by
mayor and in order to achieve this, GIS techniques were employed to map current
installations and thus track their progress. Although the city did not have maps showing
potential solar roof tops and hence potential solar energy until there was a need to encourage
investors to buy into the scheme consequently achieving their target within the set period.

This was achieved by developing a digital elevation model (DEM) of the city that was a base
for use in the solar radiation tool available in the spatial analyst of the ArcGIS software to
calculate the annual solar radiation per roof top. The consideration for the solar model
includes elevation variation, roof orientation and slope, and shading caused by other
buildings or features in sight. (22). Though a novel approach, this model could have left out
buildings with south facing roof tops but inappropriate roof slope which could mean

considerable roof tops missing out of the potential PV cover.

Since most of the buildings that would be available by 2050 exist now, if roof slopes were
considered a strong enough reason not to install a PV system, then achieving the 2020 target
might prove a little more challenging. (10). A south facing roof top with inappropriate roof
slope need not be untapped as PV panel bracing can be adjusted to fit the roof slope angle and

thus generate solar energy.
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2.4. Predicting Solar Potential of Roof Tops using Laser Scanner

Osnabruck, Germany

The SUN — AREA project led by Prof. Dr Martina Klarle and team of researchers developed
an interactive map and database which calculates the solar power potential per roof area in
the different cities within the country. This was achieved through the use of an aircraft
scanner to survey the city’s roof tops in order to calculate the roof area and angle, its
alignment and potential shading. (7)

The methodology adopted seems a rather expensive way of gathering roof information even
though it had an accuracy of approximately 15cm in building position and height. Google
Earth resource would provide about the same information in 3-dimensional view without the
need to leave the desk. With Google earth, the roof areas can be calculated and effects of

shading grasped and geographical location pinpointed all in one view.

Figure 4 SUN-AREA with Aircraft Scanner (29)

2.5. GIS use in Developing a Low Carbon City

Nottingham City Council, United Kingdom

In 2011 the Nottingham City Council appointed the ESRI UK, the leader in GIS technology
to develop an interactive energy map aimed at carbon reduction emissions across the city.
The interactive map would highlight information such as street that would benefit from
greater wall insulation, to properties with south-facing roofs suitable for PV panels.

The council anticipates the use the interactive map as a decision support tool for both energy
generation and energy efficiency initiatives. ESRI also plans to introduce LocalView Fusion,
a GIS solution for Local authorities that would impact positively on their service delivery and

in a cost effective manner. (30)
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The benefactors of this project include council planners, energy managers and local
businesses that can access and query necessary information from the internet when it is
hosted. It would suffice to say that Nottingham City council has decided to leverage with GIS
technology in its service delivery, but it would have been much more effective if several
departments where linked together by GIS in order to have a very robust network of

information.

2.6. Summary

The study of the relevant use of GIS in planning, implementing and monitoring of
microgeneration of renewable energy within the urban environment is quiet challenging yet
rewarding process that is still relatively new all around the world and especially in the UK.

The review clarifies the terms microgeneration and the scales involved, the impacts of
microgeneration along with the policies enacted and incentives provided in order to
encourage individuals to invest in the micro generation schemes. (18). The importance of GIS

was properly elucidated and its invaluable use within government departments discussed.

The review of the literature stressed the need for governments to have a GIS based
infrastructure that would act as a decision support tool for all energy actors involved in policy
making, energy planning, and the local authorities who are to enforce the decisions agreed
upon. Thereby strengthen the effectiveness of the policies enacted. (24). The Cascade County
in Montana United States used its GIS infrastructure as a marketing strategy for interested
energy developers in wind farm technology to lease land from the county thus primarily
investing in the community and indirectly providing new jobs within the county. (22). In
Nottingham the council authorities acknowledges the capabilities of GIS and its ability to
effectively help in the city-wide carbon reduction strategy unlike most councils in the UK
who have restricted the GIS use to other administrative activities within their offices.

In the case study of the SUN-AREA in Germany the data collection approach is prone to

error considering the use of aircraft scanner flying over the city and capturing data.
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Chapter 3 Methodology

3.1. Development of Analysis Framework

The research strategy that would be used is a case study approach. This approach has been
adopted in order to generate the same objective using a different data collection approach,
thereby building on readily available resource. (31)

In the SUN-AREA study in Germany, the team collated the empirical data with the use of an
aircraft scanner which flew over the city in order to prepare a solar map of suitable roof tops
for solar energy use. The approach to be taken by this study would be to substitute the air
craft scanner with Google Earth (GE) as the first hand for data gathering which also offers
visualization benefits of buildings and their roof tops, potential shading constraints and land
area for wind farms. There is a need to experiment with other information resource that has
invested in similar projects or research such as GE.

GE is a geographical software that lets the user virtually fly around the world virtually to
view satellite imagery, aerial imagery, maps, terrain and 3 — dimensional building down to
street view level (32). This is very similar to the use of an aircraft scanner but with the added
advantage of exploring the possibilities per roof top at a controlled pace; viewing the effects

of shading on the roof tops; and measuring the area of concern.

An important contribution of this study is the preparation and analysis of spatial data and
geographic database for renewable energy sources in Springburn community that would
enhance the level of service delivery in Glasgow City council and would validate the use of
the Google earth resource as a substitute for physical site data gathering. The data to be
gathered for analysis includes geographic location of properties, roof orientation of buildings,
roof area for GIS mapping preparation; climate data, energy demand data of Springburn
community, census data of Springburn which includes property and household data for
renewable energy demand matching; and basemaps or shapefiles of Springburn, that would
include administrative and boundary information. The results from the analysed data will be

used to prepare the GIS based decision support tool.
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3.2. Methodology Process

Springburn

Demand Supply

N
Establish ity
Demz.md Potential Site
Profile
I —L
Apply
Apply Energy Technical
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Energy
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Supply Profile

Conduct

Demand/Supply
Matching

Apply GIS

technique

Generate Energy Develop tool and

Feasibility Results generate  Energy

maps

This process would be carried out with the aid of spatial tools, GIS techniques and demand-
supply matching tool. This though can only be conducted by collating data that would be
used at the different stages of this process. Once data collection is achieved the demand and
supply profiles would be established and analysed to derive the potential energy supply

present per identified site and the generation of the GIS based energy tool.
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3.3. Data Collection

The method adopted is tailored at reducing feasibility cost while providing useful and
realistic results that can be used in implementing microgeneration from low energy
technologies. Some of the demand data would be accessed from Glasgow City council and
the remainder from Intermediate Geography Zone (1GZ) of the DECC while the geographic
data for potential sites would be gathered from Google Earth. The vector data of Springburn
would be accessed from Ordnance Survey Great Britain and the meteorology from the NASA

meteorology site.

Data Collection

Renewable Energy
Supply

Demand

Springburn Annual
Energy
Consumption Data

Geographic Data of
Potential Site

Meteorology Data
of Site

Vector Data of
Springburn

Figure 5Data Collection Process
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3.4. Framework for Data analysis

In order to predict potential energy available from each individual building’s roof top or
vacant / agricultural land within the case study area, there is a need to collect data would be
referenced with technical constraints of the potential renewable energy source. The following
steps were taken for the research of this study:

3.4.1. Identification of Potential Sites
The digital map of Springburn was used extensively to gather the geographic data of potential
renewable energy sites located through visualization of the potential sites in order to consider
topographical elements that can pose a challenge in the implementation of renewable energy
technologies.

1. Procedure for Identifying Potential Solar Roof Tops

For locating potential solar roof tops, the visual orientation of the roof tops were taken in to
account considering the potential roof tops orientation, roof height of at least 6 meters for
security of PV panels and shade free from trees, buildings and chimneys. Geographic
coordinates and roof area of roof tops that conforms to the above rule are recorded.

The area A of each roof top measured in terms of length L and breadth B is calculated as
A=(L-2) m* (B-2) m

This is to allow for installation and roof access consideration.

2. Procedure for identifying potential Wind Farm location.

Vacant lands were selected for wind farm siting with at least a 500m distance from major
roads and buildings; and the area calculated. The altitude of the selected area was also

recorded. Vacant land with at least 1 km? area of space was considered.

3.4.2. Preparation of GIS Database

Geographic coordinate captured from potential roof tops and vacant land area were converted
into a coordinate system usable in GIS. The number of PV panels was determined by dividing
the Area of potential roof tops by the area of a 165 W panel and the rounded down figure
admitted. The annual energy supply from a potential roof top area using a 165 W PV system
is determined as a product of number of panels and the annual supply from a single 165 W

PV panel.
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Having known the annual energy supply potential from each roof top captured, a summation
of the annual energy supply was carried out according to roof orientation identified and
recorded as Flat, south S, south west SW, and south east SE. These four different summations

were each used as a PV supply profile for simulation.

3.4.3. Analysis of Demand And Supply
The analyses of demand and supply data was done in order to predict a reasonable match rate
and to determine the potential gross energy supply from the system. The following load
profiles used and accessed from the UK Energy Research Centre (UKERC) were half-hourly
electricity daily load profiles for standard UK profile class:

1. Domestic Unrestricted (33)

2. Non-domestic Unrestricted (33)
And the other load profiles used are:

1. School

2. Health Institution
3. Sports centre electrical
4. Industrial Electrical
The two load profiles from UKERC were in five seasons over a half-hourly time step and
thus had to be converted into an annual data. This was done by representing each season with
the months they occur as in Table 1 and merging the monthly result to generate an annual
data.

‘ Seasons Months

Winter 1" DECEMBER - 28" FEBUARY |
Spring 1" MARCH - 31" MAY

Summer 1% JUNE - 31°" AUGUST

Autumn 1°" SEPTEMBER —30'" NOVEMBER

Table 1 Seasons and Months they occur
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The load profiles were all scaled up to assume the annual electric energy consumption of
Springburn in 2007 and 1st April 2010 to 31st March 2011 figures.

Demand Profile Consumption Data Applied

domestic electric domestic consumption figure of 2007

school schools within the Springburn community in
2010/2011

health institution Elderly people’s home 2010/2011

Sports centre Sport centres and leisure centres 2010/2011

Industrial Businesses known 2010/2011

Non-domestic All other commercial sites 2010/2011

Once the annual demand /supply analysis was done, the analysis of the critical months
December and June for PV and June and January for Wind turbine were also investigated.
The effect of low and high solar and wind resource was analysed for the four critical months.
A new 100kW wind turbine profile was created and added into the programme’s database.
The wind turbine specification was accessed from the Altergen website and input in the
database of the program.

The climate site assumed for Springburn was Glasgow at latitude 55.5° N and longitude 4.15°
W with an altitude of 80m above sea level. The table represents the simulation dates defined

for each period.

Annual 1% of January 1972 — 31% of December 1972

January 1% of January 1972 — 31% of January 1972

June 1% of June 1972 — 30" of June 1972

July 1% of July 1972 — 31% of July 1972

December 1% of December 1972 — 31% of December
1972
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3.4.4.

GIS Analysis

In order to conduct this analysis, the basemap of Springburn was created and the demand and

supply data already prepared were geo — referenced unto the created basemap. The following

layers and geo - databases were created:

1.

2.

3.

Commercial Demand;
Solar Potential Roof Top; and

Vacant land for Wind Turbine

The next stage was the classification of the suitability of the solar and wind farm resource

according to a categorization scale developed. This would include a mix of roof top

orientation, roof top area and quantity of potential energy feasible for potential solar

suitability and a vacant land greater than 3km? for the siting of wind farms for wind turbines.

3.5.

Constraints and Assumptions

Roof tilt or slope was not considered in potential roof top selection, considering roof
tilt are installation constraints that could be adjusted by the PV bracing and should

therefore not be classed as a technical constraint.

Shading caused by trees, nearby buildings and trees were avoided around roof tops in
this study and the actual use of identified potential roof tops should be subject to

structural test before PV installation.

Roof tops with areas less than 9m?, with a height of under 6 meters and roof tops of

petrol stations were not considered for security and economic reasons.

Flat roof tops were assumed to be south facing considering installation would site
south. All roof tops in south east and south west orientation were all assumed to be
45° even though most roof tops were much less than 30° either side of the south
position. This was to lower the risk of errors since the exact degree of orientation

could not be measured from the GE approach.

The study focuses on the possible implementation of renewable energy sources rather

than other economically viable use of land area.
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Chapter 4 General Knowledge of Springburn

4.1. Geography of Springburn Community

Springburn is a suburban community within the city of Glasgow, Scotland in the United
Kingdom and lies within latitude 55° 53°0” North and longitude 4° 13” 0” West sprawling a
little over 5km?. (1) It is located north-west of Glasgow city centre and about 2.5km from the
city centre and is about 80m above sea level as depicted in Figure 6 and Figure 7It is
bordered by Bishopbriggs in the North, Cowlairs Industrial Estate in the East and St Rollox

Business and Retail Park. It is a suburban community with both residential and industrial
activities.
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Figure 6 Aerial view of Springburn (34)
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Figure 7 Springburn Imagery (34)

The Springburn community constitutes two census wards and includes postcode areas G 21,
G 64 and G33 and it constitutes the following areas:
1. Petershill;

Barmulloch;

2

3. Springburn;
4. Springburn east and Cowlairs and
5

Balornock.

4.1.1. Census Data of Springburn

According to the Intermediate Data Zone (1GZ) Scotland, the total population and household
figures of Springburn in 2008 were 20,958 and 10,406 respectively as seen in Table 2 2008

Springburn population and Household Figures
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Table 2 2008 Springburn population and Household Figures (1)

IGZ Code IGZ Name Population- 2008 Households-2008
S02000680 Petershill 4,876 2,500
S02000687 Barmulloch 3,366 1,821
S02000691 Springburn 4,525 2,375
S02000694 Springburn east and 4,405 2,220

Cowlairs
S02000697 Balornock 3,786 1,490

Total 20,958 10,406

The property statistic of Springburn is shown in Table 3 Springburn Housing Stock by
dwelling type with total dwellings of 10,406 and almost 8,000 of these households live in
flats and with few people living in houses. (1) The community has a population density of
3,976 per km? thus implementation of renewable sources around here could pose potential
challenges that may not be limited to energy supply. Table 2, further highlights the high
population density as most households occupy flats category of dwelling in the community. It
is important to note the total number of dwellings does not represent the total number of roof

tops available especially with the very high volume of flats present.

Table 3 Springburn Housing Stock by dwelling type (2)

IGZ Name Total Flats Terraced Semi- Detached Unknown
Dwellings Detached Dwelling
type

Petershill 2,500 2,220 131 133 16 0
Barmulloch 1,821 1,201 211 387 21 1
Springburn 2,375 1,961 213 192 9 0
Springburn east 2,220 1,722 192 241 64 1

and Cowlairs

Balornock 1,490 874 327 269 14 6

Total 10,406 7,978 1,074 1,222 124 8
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There are several businesses and industries within the Springburn community as well which

include sectors like manufacturing, hospitality, construction, wholesale and retail, finance etc.

statistics represented in Table 4 Business Sectors in Springburn

Table 4 Business Sectors in Springburn (2)

IGZName D F G H | JK  MN O Total
Petershill 5 5 0 5 0 15 10 5 45
Barmulloch 0 0 5 5 0 10 0 5 25
Springburn 5 5 35 10 5 15 15 20 105
Springburn 0 0 5 5 0 5 5 5 25
east and

Cowlairs

Balornock 0 0 5 0 0 0 5 5 15
Total 10 10 50 25 5) 45 35 40

The letters above represent the following sectors:

© N o o Bk~ w0 Db PE

Manufacturing

Construction

Wholesale, Retail and Repairs

Hotels

Transport, Storage and Communication
Finance

Education

Other community businesses

4.1.2. Energy Consumption data of Springburn

The latest published energy consumption data of domestic and commercial /industrial users

within Springburn community for 2007 is shown in Figure 8 Energy Consumption of
Springburn in 2007 (35)
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Figure 8 Energy Consumption of Springburn in 2007 (1)

As presented in Figure 7, Springburn community consumed 231.8GWh of energy in 2007,
and most of its energy users are in the domestic energy category a figure that almost doubles
that of the commercial / industrial energy users. A breakdown of this huge consumption into
electrical and gas use, it is observed that 26.9% of the annual energy consumed is via

electrical use as depicted in Table 5.

Table 5 Breakdown of 2007 Energy consumption in Springburn (1)

| Energy Category ~ Electric kWh/year Gas kWh/year

Domestic 49,753,667 101,390,916
Commercial / Industrial 12,772,822 67,976,313
Total 62,526,489 169,367,229

The energy consumption in Springburn in 2007, were measured from 12,455 and 6,531
electric and gas meters respectively which shows that only about half of these homes use gas
for space heating and domestic hot water use, while the vast remainder rely on electricity for
their space heating and domestic hot water demands. This is displayed in Table 6 Energy

Meters in Springburn.
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Table 6 Energy Meters in Springburn (1)

| Energy Meters ~ Electric Gas

Domestic 12,081 6,456
Commercial/Industrial 374 75
Total 12,455 6,531

Thus from the data presented,

Energy consumption kWh

The average domestic electric energy consumption per meter =

meter
. _ 49,753,667
a 12,081

= 4,118 KWh (&)

. . . 101,390,916
The average domestic electric energy consumption per meter = VTR

= 15,704.9 KWh (t)

12,772,822

And average Com / Industrial electric energy consumption per meter = -

= 34,152 KWh (&)

67,976,313
75

= 906,350.8 kWh (t)

average Com / Industrial electric energy consumption per meter =

According to the household distribution data in Table 7 Springburn Dwelling, most

household are in the 1-3 bedroom categories.
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Table 7 Springburn Dwelling (2)

1GZ Name 1-3 rooms 4-6 rooms 7-9 rooms 10+rooms Unknown%bo

Petershill 75.44 22.52 0.04 0.00 2.00
Barmulloch 57.28 28.50 0.00 0.05 14.17
Springburn 66.57 28.80 0.55 0.04 4.04
Springburn 65.59 28.15 0.45 0.05 577
east and

Cowlairs

Balornock 4.03 91.81 0.00 0.07 4.09

In the NEED report (2007), the mean electric and gas domestic energy consumption for a UK
2-3 bedroom dwelling were 4,007 — 4592 kWh and 14,271 — 18,169 kWh respectively. (3)

Table 8 Report Comparison of Energy consumption (1) (3)

Domestic Energy Consumption per
dwelling

Electric kWh (e)  Gas kWh (t)

NEED 4.007- 4592 14,271 — 18,169
Scottish 4118 15,705
Government

Table 8 relates the domestic energy consumption per dwelling of the measured Scottish
governments energy data and the NEED report estimated data. It is observed that there is a
close relationship in the domestic energy consumption per dwelling values.

According to the 2010/2011 commercial / industrial energy consumption data from Glasgow
city council for Springburn community, the total electrical and gas consumption were 8.10
GWh and 14.43 GWh respectively. (6).

In the data set received, it was observed a large number of buildings either had no record for

gas consumption or an omission occurred at the point of data collation. If the gas
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consumption values were missing, it could suggest that space heating and domestic hot water
demands were met by electric supply which is further proven by the large disparity between
electric and gas meters within the community as shown in Table 6. This observation led the
study to focus on the electrical demands of the community. This choice was largely due to the
demonstrable data sets from different sources that were cross-referenced and were within
range as expressed in Table 8.

There was also a disparity in the commercial / industrial energy consumption data of
2010/2011 and the data from IGZ in 2007, a variance of 4.1GWhe which could have been
due to incomplete 2010/2011 data or an upgrade in the energy efficiency or an
implementation of a renewable energy source which has helped reduce the commercial /
industrial electrical energy demand.

4.1.3. Renewable Energy Resource potential in Springburn

The resource potential in Springburn was restricted to solar and wind. Biomass and
geothermal resource were abandoned at the point of data collection due to inaccurate and
reliable thermal energy consumption data and the prevalent use of electricity for space and
domestic hot water heating in most residential buildings within the study area as depicted in
Table 6.

Solar resource in Springburn is identical to that of Glasgow city which is suitable for energy
generation and the wind resource present is significant for microgeneration. This was
established by comparing several locations within the study area with that of Glasgow city
using NASA’s surface meteorology and solar energy site which consists of a 22 year
compilation of average monthly data from several locations.

Using the location of Springburn the annual average global horizontal radiation of
2.66kWh/m?/d with a minimum and maximum radiation of 0.38kWh/m?/d and 5.06kWh/m?/d
that occurs in December and June respectively were determined. The study area also has an
annual average wind speed of 5.97m/s with a minimum and maximum value of 4.74 m/s and
7.24 m/s that occurs in July and January respectively. The meteorology data sets of

Springburn are summerised in Figure 9 and Figure 11.
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Figure 9 Solar Radiation data of Springburn (4)
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Figure 10 Minimum and Maximum Solar Radiation (4)

In Figure 9 the most interesting months are the months of December where there is reduced
solar capture as the hours of daylight are shortest during this period; and the June which has
the most amounts of daylight hours. This could result to inadequate power from the PV in the
winter month of December and a waste of energy in the summer month of June. The duration

of sunlight hours of the months of concern are depicted in Figure 10.
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Wind Resource
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Figure 12 Minimum and Maximum Wind Speed (4)

In Figure 11the most interesting months are the months of July where there is reduced wind
speed; and the January which has the greatest strong wind period. This could result to
inadequate power from the wind turbine in the summer month of July and an excess energy
generation in the winter month of January. The duration of wind availability for the two

curious months is depicted in Figure 12.

4.2. Analysis of Data
4.2.1. Supply Profile

In order to ensure the validity of results a simulation was carried out to determine the annual
electricity that can be generated from a single Sharp 165 W PV and the results derived was
used in the preparation for the GIS database. The optimum tilt angle for Springburn was
determined by assuming south facing PV panels with varying tilt angles from 35° — 50° and

the most energy supply was found to occur at 45° tilt angle.

-29-



Table 9 Energy supply versus Orientation (5)

‘ Tilt  Orientation Energy Supply kWh
45°  South 0/360° 181.07
45°  South East 30° 178.33

45°  South West 345° 178.04

The table above depicts the energy supply value generated at different roof orientation within
the study area which was also used to determine the amount of solar potential on an identified
roof top (shown in Table 10). Hence the summation of energy supply potential from flat
roofs, south, south west and south east facing roofs were done and summerised in Table 11

Table 10 Solar Calculation

Ref GIS_XRE GIS_YRE Install Annual Roof
F F Capacity Energy kWh  Orientation
'1 260306 668508  1162.5 886 146.19 160463 Flat |
6
2 260326 668569 3573 272 44.88 49262 Flat
3 260328 668631 173.3 132 21.78 23907 Flat
4 260411 665813 1246.8 951 156.915 172236 Flat
5 260288 665786 722.94 551 90.915 99792 Flat

Table 11Energy Supply per Roof top Orientation

Roof Total ~ Gross Energy
Orientation Panels GWhl/year
Flat 6,893 125
South 11,077 2.01
South West 10,511 1.83
South East 10,329 1.81
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4.2.2. Demand Profile

Table 12 Energy Demand data used in Merit (6) (1) (5)

Load Profile  Annual Season

Consumption Winter Summer
kWh Peak kWh Base kWh Peak kWh Base kWh

Domestic 49,753,667 12,033 2,674 8,022 2,406

School 2,887,090 847 190 190 186

N sICTNII 2,466,999 396 176 350 170

Health 396,230 69.70 36 69.70 30.98

Industry 2,352,730 800 92 650 40

Other 4,669,774 1,392 250 1,007 170

Commercial

The demand profile table is a summary of the demand data used for analysis. The annual
consumption data was based on the 2007 energy consumption data of Springburn and the
2010 commercial consumption data from the council imposed on the demand profiles from
the simulation tool’s demand list. This shows the peak loads in the winter and summer
seasons which is used to compare the supply peaks of the renewable energy sources

especially since energy supply is at its bottom and peak during these periods.
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Chapter 5 Results and Discussion

5.1. Renewable energy Supply Simulation Results

According to the simulation results, the total annual PV supply of potential roof tops analysed
is 6.9 GWh with a peak output value of 6552kW and an operational period of 4,384 hours per
year and the wind turbines generate an annual of 5.85 GWh with a peak output of 2,529kW
and an operational period of 8,212 hours per year as shown in Figure 13 and Figure 14. The
total annual demand and renewable supply of Springburn is depicted in Figure 15, while
Figure 16 and 17 depicts the total demand compared with the total PV supply or total wind

supply.
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Figure 13 Total Annual PV supply (5)
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Figure 14 Total Annual Wind Turbine supply (5)
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Table 13 Summary of Demand/Supply Matching (5)

Demand Energy Energy Energy

Profile Delivered Surplu Deficit
sMWh GWh

A+B+C+D+E+ PV_TO 62.53 6.90 2449 6.90 0.00 55.62

F T

A+B+C+D+E+ WT 62.53 585 18.82 585 0.00 56.67

F

A+B+C+D+E+ PV_TO 62.53 127 3519 1273 18.93  49.78

F T+WT 5

Table 14 shows the meaning of each notation used in the results above and subsequent ones

Energy Class Profile Notation
Domestic Domestic A
School B
Sport centre C
Demand Commercial Health Institution D
Industrial E
Non- domestic F
Sum PV Flat, S, SE,
PV_TOT and SE facing PV_TOT
WT Wind Turbines WT

Table 13 shows a summary of total energy demand with total RE supply and with only PV or
WT supply. It is observed from the table that the match rate of any of the 3 combination is
poor with the worst occurring with only WT supply to the total demand of the community.
Although the difference between the total supply and total delivered is relatively zero across
all cases suggesting no energy waste. Table 14 depicts the notations or abbreviations used to

represent the different profiles and energy class.
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5.1.1. Analysis of Domestic and Commercial Demand Compared with

RE Supply
It was observed that the annual renewable energy supply available represents only a fifth of
the annual electric consumption of Springburn community stated in Table 5. But when
compared in terms of Domestic and commercial energy users, it is slightly different as shown
Figure 18 and Figure 19
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Figure 18 Domestic demand and RE Supply (5)
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Figure 19 Commercial demand and RE Supply (5)

The total annual RE supply is almost equal to the annual demand from the commercial
classed energy users of 12.75 GWh and 12.77 GWh respectively. This is summerised in
Table 15.
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Table 15 Matching between Domestic and Commercial Energy Users (5)

Demand Total Energy Energy  Energy
Profile Supply Delivere  Surplus Deficit
d GWh MWh GWh
| Domestic & WT 6253 585 1882 585 000 5667 |

Commercial

Domestic & PV_TOT 62.53 6.9 2449 6.9 0.00 55.62

Commercial

Domestic & PV_TOT 62.53 12.75 35.19 12.73 18.93  49.78

Commercial +WT

Commercial ~ WT 12.77 5.85 52.78  4.85 962.64 7.88

Commercial PV_TOT 12.77 6.9 57.2 4.74 2070 7.95

Commercial PV_TOT 12.77 12.75 62.98 8.16 4480 451
+WT

Domestic WT 49.75 5.85 2232 585 0.383 439

Domestic PV_TOT 49.75 6.9 27.72 6.84 50.19 42.88

Domestic PV_TOT 49.75 12.75 39.48 12.47 241.63 37.21
+WT

In Table 15 it is observed the best match occurs when annual commercial demand is supplied
by the RE sources. It is also observed that the annual commercial demand matched with any
of the RE sources presents a better match than with domestic demand or total annual demand

of Springburn unlike the low match rate figure in Table 13. This is presented in
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Figure 20 Domestic demand and WT Supply (5)
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Figure 23 Commercial demand and PV Supply (5)

It is realized in Figure 20, the WT supply is poorly matched with the domestic demands
hence a match rate of 22.32% but when matched with the commercial demand a match rate of
52.28% is achieved. The same case is observed with PV supply which reflects the highest
match rate when matched with commercial energy users.

5.1.2. Analysis of RE Energy Supply during the Critical Months

The critical months according to this study are the period when solar or wind resource is
lowest and at highest in the year. The critical months identified for solar resource were
December and June and for the wind resource it was July and January as depicted in the
graphs in Figure 10 and Figure 12 of section 4.1.3. The Figure 24 — Figure 27 show the
graphs of RE energy supply these four crucial months in order to identify the effect of
demand- supply matching during these period.
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Figure 24 January Demand and Renewable Energy Supply Profile (5)
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Figure 25 June Demand and Renewable Energy Supply Profile (5)
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Figure 26 July Demand and Renewable Energy Supply Profile (5)
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Figure 27 December Demand and Renewable Energy Supply Profile (5)
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It is observed the winter months of December and January are the lowest energy supply
period even though the wind resource is highest in the latter month while in the summer
months of June and July when solar resource is at its peak the solar energy supply is much
higher which creates the illusion of a better match. A clearer depiction of this is shown in
Figure 28 - Figure 31 from the supply generated independently from PV and WT in these

critical months.

PV Supply
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Figure 28 December Demand and PV Supply (5)
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Figure 29 June Demand and PV Supply (5)
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Figure 30 July Demand and WT Supply (5)
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Figure 31 January Demand and WT Supply (5)

From the figures above, it is clear electric demand is much higher in the winter with
inadequate PV energy supply to aid WT energy supply.
A further analysis into the manner energy supply during these critical months’ impacts on the

two categories of energy users (domestic and commercial) would help to reveal the energy
use within Springburn.
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Figure 35 Commercial demand and WT in June (5)
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Figure 36 Domestic demand and PV in July (5)
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Figure 37 Commercial demand and PV in July (5)
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Figure 38 Domestic demand and PV in December (5)
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Figure 39 Commercial demand and PV in December (5)

It is observed that throughout the year, there is no instance when the wind resource is worth
being matched with domestic demands even though it would slightly reduce grid import but
the economics of it is not attractive at least for the moment. But for the solar resource there is
savings to be made there annually considering the amount of potential energy available from
the roof tops. The best periods are the summer months of June and July when the PV supply
to domestic demand match rate is much higher. Although this is a tricky match considering
people travel and leave there homes during summer or are usually often outdoors in the day
and thus there is a false sense of low demand, hence the high match rate occurence for
domestic and RE supply.

On the other hand the match rate of the commercial energy demand users is fairly constant

throughout the year even though there is a drop in demand when the schools are on holiday
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especially during Christmas and summer. Supply from the wind resource is also better
matched with the commercial energy users than with the domestic.

Table 16 shows the summary of the match rate of between domestic and commercial energy
users and the combination of RE sources used to achieve the match. The best match occurs
most frequently when the commercial users are supplied by the RE sources especially PV.
But the constant value of above 40% is maintained with the WT supply throughout the year
unlike the domestic whose match rate goes as low as 16% which is very unattractive for

investment.

Table 16 Match Rate of Energy Users in Critical Supply Months (5)

Demand Total Total Match

Profile Demand Supply Rate

MWh (%)
Domestic ~ WT 5.09 44022 169

Domestic PV_TOT 5.09 124.54 8.31
Commercial WT 1.17 440.22 48.1

January  Commercial PV_TOT 1.17 124.54 30.46
Domestic WT 3.56 471.5 25.37

Domestic PV_TOT 3.56 852.3 40.93
Commercial WT 0.993 471.5 55.17

June Commercial  PV_TOT 0.993 852.3 64.7
Domestic WT 3.69 319.69 18.85

Domestic PV_TOT 3.69 969.23 43.24
Commercial WT 0.919 319.69 48.65

July Commercial  PV_TOT 0.919 969.23 62.11
Domestic WT 5.1 571.96 20.91

Domestic PV_TOT 5.1 137.39 9.25

December Commercial WT 1.16 571.96 53.36
Commercial PV_TOT 1.16 137.39 32.26
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5.2. Results from Spatial Analysis
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Figure 41 Plan View of a South facing Roof top (34)
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Figure 42 Elevation view of the South facing roof top (34)

The figures above depict the potential roof selection, where the orientation of a shade free
roof is considered and the area measured. The red patch was used to identify selected roofs in
order to avoid double selection. The potential of the roof top is inspected at both the plan and
elevation levels in order to have a virtual site reconnaissance. This also helped to identify
roof tops with curved structures that make installation challenging or roof tops with easy

access for theft.
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Figure 43 Shapefile of Springburn (36)
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RENEWABLE ENERGY SUPPLY FOR SPRINGBURN, GALSGOW 2011
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Figure 44Map Layout of Springburn (36)

From the result of potential roof tops identified in GE, and the calculation of potential solar
energy available, the spread sheet of commercial energy demand and RE supply were geo-
referenced on the shapefile of Springburn in the GIS platform. The RE supply was developed
in terms of solar and wind energy shapefiles with the possibility of querying the data to
receive results needed by different users of the GIS tool. Figure 43 and Figure 44 depict the
basemap of Springburn in GIS environment.

The solar resource shapefile was classified in terms of the roof top orientation, installation
capacity and a combination of both roof top orientation and installation capacity. The roof top
orientation was classified according to:

1. South, S

2. South east SE or
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3. South west SW

4. Flat roofs were assumed to be south facing hence there inclusion in the south facing
category.

The installation capacity of potential roof tops was classified according to OFGEM’s Feed-
In-Tariff structure for PV:
1. 1kW-<4kW;

2. 4kW-<10kW;

3. 10 kW - <50 kW;

4. 50 kW - <100 kW;

5. 100 kW - <150 kW; and
6. 150 kW - <200 kW;

Roof top Orientation in combination with installation capacity was also classified as:
1. S/SE/SWand =1 kW - <4 kW;

2. S/SE/SW and =4 kW - <10 kW;

3. S/SE/SW and = 10 kW - < 50 kW;

4. SISE/SWand = 50 kW - <100 kW;

5. S/SE/SW and = 100 kW - < 150 kW; and

6. S/SE/SW and = 150 kW - <200 kW;
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Figure 46 Identified Potential Roof tops (36)
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Figure 45 depicts the commercial energy demand of Springburn. This includes both the
electric and gas consumption energy use represented by green and yellow respectively. This
data represents 27 locations of commercial energy classed users. It would be observed the
green stands out more in the map than yellow; in some cases it is just completely green
reflecting a heavy reliance on electric energy rather than a combination use of electric and
gas. This was one of the observations that supported the claim on the excessive electricity use
of the community. Figure 46 on the other hand represents the orientation of all identified
potential roof tops within Springburn. Flat and south facing roof tops are represented by red
while the south east and south west facing roof tops are represented by blue and green
respectively. There are more SE and SW facing roof tops than south facing ones. Although
the energy difference is minimal compared to the west and east facing roof tops. Figure 47
shows a selection of south east or south west facing roof tops by performing a query search
on the geo-database of potential roof tops and output as a map layer.

SW and SE Facing Potential Roof Tops Springburn, Glasgow 2011
M
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Figure 47Selection of SE and SW Facing Roof tops
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Figure 48 0.9 — <=4kW Installation Capacity of Potential SW and SE facing Roof Tops
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Figure 49 Map Layer of 0.9 — <=4kW Installation Capacity of Potential SE and SW facing

Roof Tops
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Figure 54 50 — <=100kW Installation Capacity of Potential SE and SW facing Roof Tops

Figure 48 — 53 shows the impact of merging the SE and SW facing roof tops different
categories of the defined installation capacities as a result of querying the already prepared
potential roof top database. The selection is highlighted in green and upon conversion into a
map layer; the corresponding points are mapped out. These show a selection of different
installation capacities from SW and SE facing roof tops. It would be observed Figure 48, 50
and 52 are a subsection of Figure 46 which represents the total identified potential roof tops
for PV mount and as such each of the points on the three map layers above all represent
unique locations. From the map layers it found most of the roof tops in the SW and SE
position fall mostly in the 0.9 — 4 KW installation capacity range and reduces significantly as
the installation capacity range is increased. This is due to the small roof area of these
potential sites. In Figure 54 it is observed only two locations occur within the 50 — 100kW
PV installation band. Figure 55 also clearly defines that most locations with SW or SE facing

roof tops fall in the installation capacity band of 0.9 — 10kW.
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0.9 - <10kW SW or SE Facing Roof Tops in Springbum, Glasgow
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Figure 56 >=5kW Installation Capacity of Potential SE and SW facing Roof Tops
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Figure 57 >=5kW Installation Capacity of Potential South, SE and SW facing Roof Tops

Figure 56 and 57 depicts map layers with installation capacities of 5kW and above. The first
shows that for SW and SE facing roof tops, while the second show that for all roof tops. It
would be gathered from the level of highlighted locations that most identified potential roof
tops in Springburn have a PV installation capacity of at least 5kW. Figure 58 and 59 below
also show some of the possible combinations from South facing roof tops only while Figure
60 represent south facing roof tops with annual energy supply above 4,200kWh.
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Figure 58 0.9 — <=4kW Installation Capacity of Potential South facing Roof Tops
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Figure 59 4 — <=10kW Installation Capacity of Potential South facing Roof Tops
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South Facing Roof Tops with Energy Supply >4200 kWh/year
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Figure 60 South facing Roof Tops with Energy Supply >4,200kWh/year

- 60 -



~Zontents ax
1S 8| HE
¢ <all other values> -
Roof_Posit, Instal_Cap
South facing, 100 kW - 150 kW
South facing, 150 kW - 200 kW
South facing, 10 kW - 50 kW
South facing, 50 kW - 100 kW
South facing, 4 kW - 10 kW
South facing, 0 kW - 4 kW
South East facing, 0 kW - 4 kW
South East facing, 10 kW - 50 kW
South East facing, 100 kW - 150 kW
South East facing, 50 kW - 100 kW
South West facing, 0 kW - 4 kW
South West facing, 10 kW - 50 kW
South West facing, 4 kW - 10 kW
South West facing, 50 kW - 100 kW
Area_km2 q
* 0111000 .
@& 0111001 - 0182000
@ 0.182001 - 0.268000

© O O O O O 0O O O O O O @ O

@ 0265001 - 0.454000

. 0.454001 - 3.782000

= O wind resource.csv Events
°
= [O Solar_suitability

Annunal Fne

e » [glaf & n <

Figure 61 Land available for Wind Farm (36)

The wind resource was classified according to the area of land available that is greater than
3km?®. It was observed only about 1,000 roof tops with Springburn had the potential for solar
installation. This is such a low number considering the technical constraint attributed to tilt
angle was not considered in this study since it was assumed to be treated as an installation
challenge that can be rectified. Figure 61 represents the sites available to install WT which
show only one major area sprawling over 3.5km? with a capacity to site 25 100kW WT. Most
of the other smaller sites identified have been earmarked for housing. This signifies a tussle
between providing new housing and providing enough RE power to supply the already built

environment.

5.3. Summary of Findings

Springburn is an area with a high population density of 3,976 per km? according to section
4.2.1, hence a tough challenge ensues in balancing energy demands with RE supply. The total

potential RE supply from the hybrid of PV and WT will only supply a fifth of Springburn
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energy consumption based on the 2007 data. This figure represents a challenge for the future

of 100% RE supply in the near future even with the aggressive microgeneration strategy.

Although the study focuses on electric energy use within the community, it was inferred from
Chapter 4, that only about half the households in Springburn have access to gas supply to
meet their thermal requirements. Thus the use of electricity for space heating, domestic hot
water and cooking purpose might be responsible for the high electric consumption within this

community.

The annual demands of commercial energy users were more constant than the domestic
energy users that fluctuates arbitrarily. Due to this fairly constant energy demand of
commercial energy users it was observed a better match rate occurred when RE supply was
matched to it than when matched with domestic users or both class of energy users. The
disparity between energy supplied and energy delivered was found to reduce with increased
energy demands when matched with the RE supply. Thus eliminating energy waste that

would have occurred if the excess energy generated was not consumed.

Only a thousand roof tops within the Springburn community are south, SE or SW facing with
majority in the SE and SW position. The average installation capacity in the community is a
5kW PV system from the survey of the identified roof tops while the range is 0.9 — 10kW for
the SW and SE facing roof tops. There is only one identified vacant land for WT
development within the community as a result of the consideration for the most economic

returns a piece of land would generate for the government.
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Chapter 6 Conclusion

6.1. Conclusion

According to the results of the study area, micro energy generation can only contribute 20 %
of Springburn’s electric energy consumption from the hybrid of PV and WT assuming
electrical consumption remains at the 2007 electric energy rate. This could impact negatively
on the possibility of Springburn achieving its carbon reduction target except some aggressive
steps are taken. Micro energy generation is not sufficient to increase RE penetration within
the suburb of Springburn. There is a need for a mixture of RE technologies, localized policies
attributed to the peculiarity of Springburn, law enforcement and effective monitoring. With
the aid of the GIS based potential energy supply layer, the local authorities can easily identify
properties with potential energy sites for fast tracked grant allocation or planning.

The following recommendations are advised to the Glasgow city council that possesses the
enabling powers needed to effect change:

1. The council needs to demonstrate leadership by establishing low carbon technologies

across its property portfolio.

2. There is a need to extend gas supply to areas without gas links and an introduction of
incentives for gas consumers in order to encourage the switch due to the present low
figures of gas consumers identified in Springburn. However cost and benefit of a
introducing a gas supply network might need further research in order to make an
informed decision. Household compliance can be enforced by enacting a regulation
that mandates the council to fine households for non - compliance if gas supply access

is present within close proximity of the buildings premises.

3. The council needs to either motivate the commercial energy users to invest in the
installation of RE sources on the potential roof tops and vacant lands identified or
invest in the community and set up a microgeneration utility company. This not only
complies with the future 100% RE target, but tackles the key drivers to a sustainable
city as identified in the Sustainable Glasgow report (2010). The utility company will
help to cut carbon emissions, create job opportunities and also reduce or eradicate fuel
poverty. To achieve the establishment of the council’s utility company, these steps

could be considered:

-63 -



1. A cooperative scheme that would involve suitable potential roof top households,
commercial energy users and the council to pool resources together and set up the
utility company. Although if this is agreed there is a need to tie supply from RE
sources to the grid rather than to individual households. This helps to reduce
energy waste thus encouraging effective energy use during the day. This is due to
the poor match rate of domestic energy users or total Springburn energy use to RE
supply identified in Table 16.

2. Introduction of a “Day time” tariff structure an equivalent of the Economy 7 tariff
which would suit the domestic energy users. Considering the cost of electricity
export from RE supply to the grid is 3.1pence/kWh while the current cost of
electricity from utility companies like EON is about 26pence/kWh for domestic
energy users, this provides a reasonable profit margin to sell the energy at a
reduced price and the benefit of income from FEED - IN- TARIFF, would sustain
the operations of the would be Springburn community utility company.

4. An introduction of Net — Metering with established memorandum of understanding
from stakeholders like the existing utility companies who needs to assume their
corporate social responsibility position realizing carbon emission reduction targets

can only be achieved when all stakeholders are fully involved.

Net — metering according to Faden is a legal tool designed to facilitate the use RE
sources which permits individuals who installs RE sources on their property to sell the
excess electricity back to the local utility company at the same rate it buys from the
utility company. (37) Net — metering was introduced in California, USA in 1995 in a
bid to encourage installation of RE technologies at microgeneration level hence
making it more economical to invest in. (38) This policy was enacted to encourage
investment by individuals on their property and not for major investors. But a
modification of this policy could be adopted for Springburn. This would help to allay
the concern of Elliot discussed in section 1.1, who argues individuals need more

incentives to support the wide scale ownership of RE technologies.

5. Timely monitoring and submission of energy consumption data from households,
utility companies, Glasgow Housing Association and other private residential

landlords. This can include measures such as the addition of a “monthly energy
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consumption per household” form on the council’s website to encourage householders
input their consumption periodically which can be scaled up to include the utility
companies. This would help to increase first-hand information of energy data within
the council.

. There is a need to build the GIS capacity of every unit within the council as it would
help in the expedient way of sharing data and information since geographic
information is reusable and updatable easily within the council’s network of users.
This complies with Marais in 2008, who suggests the training of more GIS users in
order to promote its effective use (25) especially with the benefit of revenue
generation by the council from information seekers as performed by the Cascade
County in the United States as discussed in section 2.2.

. There is a need for stricter enforcement of energy efficiency improvements for

households within the community in order to cut present energy consumption values.

. A modification of the architecture of buildings within the community that would
allow addition of PV facades to south facing buildings with large surface areas. This
is an attempt to tackle the RE supply challenge posed by the high dwelling density in
Springburn and a minute number of potential roof tops within the PV installation

orientation.

These recommendations if considered should promote increase in micro energy generation

using RE sources within the Springburn community.

6.2. Suggestions for Further work

This study was limited by the access to individual energy demand or consumption data of

households within Springburn, thus restricting the focus of the study to electric demands of

the community and the suggestion of a grid tie of RE supply instead of individual energy use.

It thus would be suggested for access to real energy demand data of households within this

community is achieved before engaging on any further analysis in terms of micro energy

generation within Springburn. This would help to improve the quality and reliability of the

demand/supply matching. The implication of an inclusion of auxiliary supply could also be
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investigated in order to improve the energy supply during winter when solar resource is at its

minimum.
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Appendix

A. Further results from MERIT
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Figure 63 July Demand and PV Supply
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Figure 64 June Demand and Wind turbine Supply
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Figure 65 December Demand and Wind turbine Supply

Graphs of Demand and Supply in Critical months
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Figure 66 Domestic demand and PV in January (5)
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Figure 68 Commercial demand and PV in January (5)
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Figure 69 Commercial demand and WT in January (5)
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Figure 70 Domestic demand and PV in June (5)
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Figure 71 Domestic demand and WT in June (5)
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Figure 72 Commercial demand and PV in June (5)
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Figure 74 Domestic demand and PV in July (5)
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Figure 75 Domestic demand and WT in July (5)
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Figure 76 Commercial demand and PV in July (5)
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Figure 78 Domestic demand and PV in December (5)
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Figure 79 Domestic demand and WT in December (5)
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Figure 81 Commercial demand and WT in December (5)
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Summary of Energy Users and Critical Supply Months

Month

Demand
Profile

Total
Deman
d GWh

Total

ReSuppl
y MWh

Energy
Delivere
d MWh

Energ
y
Defici
[

Domestic ~ WT 5.09 440.22 169 43977 O 4.64
Domestic PV_TO 5.09 124.54 8.31 12454 0 4.96
T
Commerci WT 1.17 440.22 48.1 370.87 6487 0.79
al
January Commerci PV_TO 1.17 124.54 30.46 113.82 9.81 1.05
al T
Domestic ~ WT 3.56 471.5 25.37 470.44 0 3.09
Domestic PV_TO 3.56 852.3 40.93 839.07 9.89 2.71
T
Commerci WT 0.993 4715 55.17 408.06 59.14 0.582
al
June Commerci PV_TO 0.993 852.3 64.7 569.03 275.62 0.417
al T
Domestic ~ WT 3.69 319.69 18.85 318,69 O 3.36
Domestic PV_TO 3.69 969.23  43.24 95341 1298 2.72
T
Commerci  WT 0.919 319.69  48.65 290.07 27.24 0.626
al
July Commerci PV_TO 0.919 969.23 62.11 570.31 387.88 0.341
al T
Domestic ~ WT 5.1 571.96 20.91 571.08 0 4.53
Domestic PV_TO 5.1 137.39 925 13739 O 4.96
T
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Month

Decemb

er

Demand
Profile

Commerci
al
Commerci

al

Supply  Total
Combo Deman
d GWh

WT 1.16

PV_TO 1.16
T

Total
ReSuppl
y MWh

571.96

137.39
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53.36

32.26

Energy
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d MWh

452.23

117.33

Energy
Surplu
S

MWh
115.34

17.75

Energ

y
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t GWh
0.707

1.04



Technical Sheet for Sharp 165 W Polycrystalline PV

(39)
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Technical Sheet for Northwind 100kW WT (40)
__________________________________________________________________________________________________________|

21

Reyleigh Wind Speed Distribution

Annual Ener Specifications
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Northern
POWER SYSTEMS

W NORTHERN POWER.COM
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Warthern Power Systems has ower 30 years of experience in developing sdvanced, innowative wind turhines.

The company's next generation wind turhine tachnology is based an & vestly simglified anchitecture that utiizes
a8 unigue combinstion of permanent megnet generators end direct-drive design. This revolutionary new eparoach
delivers higher energy cepture, eliminatas drive-train noise, and significantly reduces maintenance end downtime
costs. Narthern Power Systems is 8 fully int=grated company that designs, manufactures, end sells wind turbines
nto

=
=

pbel merketplace from its headguarters in Vermon
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