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Abstract
Transport in the new town of Milton Keynes, UK has long been a contentious issue, with its Los Angeles inspired design based around a high-speed grid network, making travel by car around the city easy (at current levels of traffic).  This paper discusses Milton Keynes' current transport patterns and fuel consumption.  It then goes on to describe a methodology for assessing the sustainability of future transport and energy strategies.  This methodology combines an energy and emissions model and an impacts database within a single assessment framework.  The methodology is then applied to a number of possible strategies for the city.  
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1. Introduction

Milton Keynes was designated a new town in 1967 to relieve the pressures of population growth that were occurring in the south of the county of Buckinghamshire, which was taking much of the spill-over from London.  It was also thought that the new town would act as a regional growth area for the south east of the UK.  The area designated for the new town included 3 small towns, 13 villages and many farms.  The population of the area in 1967 was approximately 40,000.  Milton Keynes was the last and largest of the 28 new towns that were built under the 1946 New Towns Act and is over 80% complete (MKC, 1999), providing jobs, amenities and homes for over 200,000 people living in 80,000 households (ONS, 2003). The majority of the population of the Milton Keynes Unitary Authority lives within the area designated for the new city – 170,000 people in the 2001 census of population (MKC, 2003).  It was originally expected that the population of the city would be around 250,000 on completion.  Milton Keynes has recently been identified as a new growth centre by the UK Government (ODPM, 2003) with potential for up to 300,000 new jobs and 370,000 new homes to be created by 2031 in the Milton Keynes/South Midlands area.  

The Milton Keynes Development Corporation (MKDC) was set up in 1967 to oversee development of the new town.  It commissioned a panel of consultants to develop a master plan for the city, which was accepted as a basis for development a few years later.  The plan included goals for the new town, and details for achieving those goals such as the layout of the main roads, the land use mix, location of facilities and services, and specifications for street furniture.  The master plan specified that the new town would use a grid pattern of roads enclosing dispersed land uses, at approximately 1km intervals to provide fast, congestion-free routes across the city.  The plan also specified a low density, low rise city with multiple centres and plenty of open spaces.  At the time energy was cheap, employment plentiful and affluence increasing.  It was thought that the future would demand accommodation for the motor car and increased living and leisure space.   Importance was also placed on good landscape design.  The grid roads are planted with a dense border of trees and shrubs on either side to reduce the visual and noise impacts of the roads.  Industry, commerce, and residential housing are distributed throughout the city in an attempt to provide areas of employment, services and housing within walking distance of each other.  The plan also incorporated a combined network for cyclist and pedestrians covering the whole city, using a combination of specially designated routes and back streets separated from the main grid roads.

During 1995, as part of the process to prepare a bid to become a unitary authority, Milton Keynes borough council held a consultative exercise – 2020 Vision.  One of the outcomes of this consultative exercise was that the goals of the original master plan still fitted with people’s vision for the town and that these goals reflected many of the ideas behind sustainable development.  Note: Sustainable development is defined here as development which “meets the needs of the present without compromising the ability of future generations to meet their own needs” (WCED, 1997).
Milton Keynes has a good record in implementing many innovative energy and environmental schemes over the last 20 years, particularly low energy housing schemes such as the Pennylands project, and demonstration exhibitions such as Homeworld, Energy World and more recently Futureworld.  However, transport in Milton Keynes has long been a contentious issue – the high-speed grid network with slip roads and roundabouts filtering traffic on and off to the local road networks within the estates makes for fast journeys with little congestion (at current traffic levels).  Many of the estate roads were designed with no direct route from one edge of an estate to another, to discourage drivers from using the estates as short cuts during periods of peak traffic.  The speeds on these roads are kept low with a mixture of traffic calming measures, such as speed ramps.  The low speeds and low traffic levels making the estates, at least in theory, a safe environment for children.  These same features make it difficult for buses to penetrate the housing areas, although with the introduction in the late 1980s of minibuses, this is less of a problem (White, 1995).

2. Travel in Milton Keynes

The dispersed, low-density nature of Milton Keynes is likely to generate longer trip lengths and promote car use.  Several studies have shown that low density settlements are likely to consume more energy, use less public transport and generate longer trip lengths than high density settlements (e.g. Newman and Kenworthy, 1989, 1991a, 1991b, and 1999; Ecotec, 1993).  MKDC (Alston, 1991) argued, however, that the careful design of Milton Keynes minimised this effect, with basic facilities available on each estate, facilities requiring a larger catchment grouped between pairs of estates, district centres serving several estates providing supermarkets and finally the city centre providing regional facilities.  They asserted that this hierarchical approach to facilities provision combined with walking and cycling provision, in the form of redways, encourages residents to walk for many of their needs and reduces average journey lengths.  

Car ownership in Milton Keynes is high, with over 80% of households within the borough owning at least one car, compared with an average in the UK of 73% (ONS, 2003).  The 2001 census of population shows that 71% of Milton Keynes’ employed residents travel to work by car.  Only 8.5% of employed residents travelled to work on public transport.  This compares with average UK figures of 61.5% and 14.5% respectively.  Roberts and Wood (1992, cited in Cervero, 1995) found that although the majority of Milton Keynes’ employed residents work within the new town, most travel to work by car (approximately 75%).  This results in one of the highest levels of vehicle kilometres travelled per capita per annum in Europe.  
Milton Transport Management Ltd (1991), in a study commissioned by MKDC,  found that the average distance travelled by car per capita per annum in Milton Keynes was 18% less than that for other UK urban areas, despite the greater number of car trips per capita per annum (16% above the average for UK urban areas).  Average trip length by car was found to be 30% lower in Milton Keynes.  The report suggests that fuel consumption (and hence emissions, as these are closely related), due to faster journey speeds and fewer start/stops than in the average UK urban area, combined with these shorter trip distances, is over 30% lower than the UK urban average.  

However, the town was far from being fully developed when the data for this study was being collected (1986).  It takes time for travel patterns to mature (Potter, 1996) and the level of self-containment falls as a town matures (Thomas, 1969; Cresswell and Thomas, 1972; and Breheny, 1990). Lower levels of self-containment are likely to produce longer journey lengths.  Additionally, the fuel savings from the faster journey speeds are unlikely to be maintained.  As the population of Milton Keynes increases, combined with increasing car ownership and a continued growth in the distance travelled per person per year, congestion will increase as the amount of traffic reaches and exceeds capacity at junctions.  As a result the number of stop-starts in a journey is likely to increase, leading to an increase in fuel consumption.  

Rawcliffe and Roberts (1991) compared the travel patterns of Milton Keynes with Almere in the Netherlands, also a planned new town, in order to investigate the significance of urban form on travel patterns.  They found that 69% of trips in Milton Keynes were made by car compared with 43% in Almere, despite the fact that both towns are of a similar age, have similar target populations and have a fast rail link to the capital city.  A more recent survey (1997) found that 85% of passenger trips made by Milton Keynes Borough residents and 84% made by residents of the city area were by car (MKC, 2000).  
Titheridge and Boyle (1996) estimated transport sector total energy to be 6.5 PJ in 1990, with the transport sector accounting for 39% of the total energy demand of the council area.  The overwhelming majority of the energy used was for car travel (63%).  Road vehicles (passenger and freight) used 92% of the transport sector total energy.  Freight travel accounted for just over 30% of the total energy consumption.  Titheridge (2006) reports that by 2000 transport energy demand had risen to 7.8 PJ.

Banister et al (1997) compared the energy consumption due to personal travel in Milton Keynes with a number of other UK urban areas, namely Leicester, Liverpool, Banbury, and Oxford.  Milton Keynes did not emerge as being as energy-intensive as might have been expected (15.1 MJ/trip), falling in the middle of the range of the five UK cities.  Whilst, Titheridge (2006) compared the energy consumed per capita in Milton Keynes with consumption levels for a number of UK cities and with the UK as a whole, drawing on data from other studies.  Table 1 shows that transport energy consumption per capita for Milton Keynes is considerably higher than that for the other UK cities or for the UK as a whole.  It should be noted that the DREAM model, which was used in the Milton Keynes (Titheridge and Boyle, 1996) and Leicester (Titheridge et al, 1996) studies, calculates the energy consumption due to travel based on the entire length of trips made by the residents and businesses of the city (air travel is excluded) whilst the other studies such as the Newcastle study (Newcastle upon Tyne City Council, 1992) and the London Energy Study (Chell and Hutchinson, 1993) are based on total travel within the city boundaries, and this may account for some of the differences.  However, Leicester transport energy consumption was calculated on the same basis as Milton Keynes and a marked difference in consumption per capita levels is still evident.  A second and more probable reason for the differences is the size of the settlements in terms of population.  Leicester and Newcastle are almost twice the size of Milton Keynes.  Past research (e.g. ECOTEC 1993) has shown that both average journey lengths and modal split, and thus energy consumption, will vary with settlement size.

Table 1: Energy Consumption per capita for a selection of cities and for the UK.

	Energy Consumption
	Milton Keynes1
	London2
	Leicester3
	Newcastle4
	UK5

	
	GJ/capita
	GJ/capita
	GJ/capita
	GJ/capita
	GJ/capita

	     Domestic
	26.8
	32.1
	38.6
	30.6
	29.7

	     Services
	15.7
	21.4
	18.8
	12.0
	13.1

	     Industry
	22.2
	9.8
	53.3
	15.5
	29.6

	Sub Total
	64.7
	63.3
	110.6
	58.1
	72.4

	     Transport
	42.5
	25.8
	22.8
	17.1
	35.1

	Grand Total
	107.2
	89.1
	133.4
	75.2
	107.5

	Population
	153,000
	6,680,000
	272,000
	280,000
	57,808,000


Notes:

1Data for 1990 derived using the DREAM-City model (Titheridge and Boyle, 1996).

2Data for 1991 based on figures from Chell and Hutchinson (1993).

3Data for 1990 derived using the DREAM-City model (Titheridge et al, 1996).

4Data for 1990 based on figures from Newcastle upon Tyne (1992).

5Data for 1990 based on figures from Herring (1994).

Milton Transport Management Ltd (1991), Banister et al, (1997) and Titheridge and Boyle (1996), all use a fuel consumption figure based on standard UK drive patterns,  which do not accurately reflect Milton Keynes drive patterns.  Also nothing can be done about the fact that the data collected is unlikely to reflect the travel patterns of a mature, completed Milton Keynes.  But these will limit the conclusions that can be drawn on the sustainability of Milton Keynes.  None of the discussion above looks beyond energy consumption to a wider assessment of the sustainability of transport in Milton Keynes.
3. Sustainability Assessment Methodology

Other aspects of sustainability need to be taken into account when assessing future energy and transport options.  However, many aspects of sustainability are difficult to incorporate into a model because the potential impacts are a) unquantified, b) the data is unreliable or c) contains a great deal of uncertainty.  In addition there is a problem of how to incorporate impacts with a low probability of occurrence.  This suggests that the best approach for assessing future energy options would be to use an energy model to quantify as many impacts as possible, supported by additional quantitative and qualitative data from other sources.  In order to enable consistent comparison of each strategy, data from the energy model and other sources were fed into an assessment framework.  

The framework adopted for the assessment and comparison of different transport and energy strategies takes the form of a two dimensional matrix.  Along the vertical axis is a list of categories used for assessing the strategies.  These categories act as a checklist.  The use of a checklist is designed to encourage wider thinking about the impacts of a strategy and to help ensure all impacts are taken into consideration (SERPLAN, 1996).  The chosen criteria are as follows:

· Capital Cost

· Operation and Maintenance Costs

· Land Use, Landscape and Open Land

· Noise

· Visual Intrusion

· Transport (energy efficiency, number of trips, modes)

· Health and Safety

· Ecology/Wildlife Habitats

· Job Creation

· Liveability of Towns and Villages (including Building Quality, Cultural Heritage, Public Access, and Community Involvement)

· Water Conservation & Quality

· Resources (including ores, minerals and embodied energy)

· Emissions of Greenhouse Gases

· Air Quality

· Land and Soil Quality

This list was chosen for a number of reasons.  It includes criteria relating to both the natural and the built environments, to quality of life and economic costs.  The criteria included are not exhaustive but cover a sufficient range for our purposes.  A longer list would become difficult to handle, particularly as several of the criteria listed contain sub-criteria.  In addition, the list is similar to those used widely in local authority and central government policy documents (Titheridge, 2004) and has been used as the basis for strategic environmental assessments of a number of local plans and structure plans (for example: SERPLAN, 1996;  Mid-Bedfordshire District Council, 1995; Lancashire County Council, 1993; Kent County Council, 1993; Bedfordshire County Council, 1994).  Thus the meaning and breadth of the criteria are well understood within local government.

The vertical axis is divided by technology type – energy supply technologies and energy demand (efficiency) technologies.  This ensures that impacts from both the energy demand and supply side effects of the strategy being assessed are taken into account. 

Each cell in the matrix is divided vertically into two compartments.  The left compartment contains information on the size and types of impacts, e.g. monetary cost, resource consumption, tonnes of emissions.  Where several different impacts occur under the same heading, different coloured text is used to distinguish between the impacts (see tables 2-6).  The thickness of the line dividing each cell into the two compartments is used to show the quality of the data being presented, as shown below:
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The right compartment contains information on the lifetime of the impact, the probability of occurrence, the spatial scale of the impact, and which sectors of society are likely to be affected.  As a visual aid to comparison, a system of letter codes signifying different types of impact was devised.  Each set of letter codes refers to a different property of the impact.  These are always listed in the same order. From left to right these are:

Impact Lifespan, Probability of Occurrence, Affected Communities.

Impact Lifespan

C
during the Commissioning phase

O
during the Operation phase

D
during the Decommissioning phase

M
during the Manufacturing of the product

A
impact continuing to have effects long After the lifespan of the technology

Probability of Occurrence

P(H)
High probability

P(M)
Medium probability

P(L)
Low probability

P(E)
Extremely low probability

P(?)
Unknown

Affected Communities

The numbers and types of affected communities are too many and too varied to develop a comprehensive coding system, therefore, a brief description of each affected community will be included in impacts matrices, i.e. miners, workers, local residents.

3.1 The Energy Model 

DREAM-City was chosen to model the energy and associated emissions of Milton Keynes, as this model contained many features required for modelling the effects of energy policies across the sectors, was familiar to the author, and was already set up for Milton Keynes (Titheridge and Boyle, 1996).  

DREAM (Dynamic Regional Energy and Emissions Assessment Model) – was originally developed by Godfrey Boyle in the Open University Energy & Environment Research Unit (EERU) to simulate the energy flows in the UK as a whole, and to create scenarios for future UK energy use (Boyle, 1996).  It was then adapted for use in urban areas and titled “DREAM-City” (Titheridge and Boyle, 1996 and Titheridge et al, 1996).  The model calculates energy demand across all sectors of a city – Domestic, Services, Industrial and Transport – based on parameters such as population, housing size and type, people per household, car ownership, the floor areas of buildings, appliance and plant efficiencies, the market shares of fuels, and indices of economic activity.  The model takes into account seasonal variations, producing monthly demand and supply figures which can be broken down by fuel type, end-use and sub-sector (there are 11 sub-sectors in the Industrial and the Transport sectors, and 13 in the Services sector).  DREAM also includes a supply-side sub-model.  DREAM has been partially validated for the total UK energy supply and demand system for 1984 to 1988 (Boyle, 1996).  DREAM-city has been applied to Leicester (Titheridge et al, 1996), Leicestershire (Leicestershire County Council, 1995) and Cerdanyola, part of the municipality of Barcelona (Boyle et al, 1994).

The transport sub-model is divided into two sub-models: freight and personal travel.  The latter is further divided into rural and urban households and then sub-divided into car owning and non-car owning households.  

The model calculates personal travel demand using data on the number of journeys made per person per month and the mean journey length, for each of the following purposes: shopping, work (including education) and leisure; and by each of these modes of transport: bus, train, and car.  The total energy consumed for each mode of transport and each journey purpose is calculated using a load factor which takes into account the number of people travelling in each vehicle, a figure for vehicle fuel efficiency and a figure for the overall distance travelled, calculated from the mean journey length, the number of journeys per person and the population within each sub-sector (i.e. car-owning/non-car-owning).  Journeys made by walking and cycling are assumed to involve no energy consumption.

Freight transport is divided into ten sub-sectors based on NST Commodity Groups (Dft, 2003).  Within each sub-sector the model calculates energy demand on the basis of the energy consumed to transport each tonne of product one kilometre by each mode of transport (boat, rail and road), the number of tonnes transported, and the number of kilometres travelled.  The number of tonne-kilometres of travel generated within each sub-sector is assumed to be proportional to the output (adjusted for inflation) of the sub-sector.  

Emissions of carbon dioxide, nitrous oxides, sulphur dioxide, carbon monoxide, hydrocarbons and particulates (PM10) are also calculated by the model.

3.2 The Impacts Database

A database was compiled that listed as many impacts as possible of a wide variety of energy-related technologies and actions (Titheridge, 2004). The database was compiled from a variety of sources including academic, industry and government literature.  Impacts of an economic, environmental and socio-cultural nature, occurring during a project’s commissioning, operational and decommissioning phase, were included. The scale, probability of occurrence, duration and magnitude of these impacts were quantified wherever possible.

In addition, for each entry in the database, details of the source of information, the type of technology, its application and the sectors it is suitable for were also recorded.  Using this information, the database can be searched for particular technologies or for all technologies relating to a particular sector or application.  Where several sources listing different impacts for the same technology were available, all sources were entered into the database, thus enabling the user to see the range of impacts from that technology.

This database was also used to provide information on the operational, maintenance and capital costs of the different transport and energy technologies.

4. Future Energy Strategies for Milton Keynes

A series of different energy strategies that the town of Milton Keynes, UK could, hypothetically, adopt were compared using the methodology outlined above.  These strategies were designed to reflect a variety of different paths that Milton Keynes might follow.  Each energy strategy involved a different emphasis on (a) energy conservation measures and efficiency improvements, (b) social changes, and (c) the use of cleaner fuels. Each also implied a different mixture of demand for electricity and transport fuels.  The strategies assessed were: 

· Current Trends Continued (CTC95). This strategy is based on current trends continuing. For example, car ownership levels were assumed to continue rising in line with national trends, whilst vehicle occupancy levels decrease.  Fuel consumption per vehicle-km for cars was assumed to remain constant.  The amount of freight transported each year was assumed to increase in proportion to output, and an increasing amount of this freight would be carried by road.  It was assumed that the efficiency of road freight transportation would increase by 30% between 1995 and 2025.
· Fuel Switching (FSW).  In this strategy every effort is made to use cleaner fuels: where possible Compressed Natural Gas (CNG), Liquidified Petroleum Gas (LPG) and liquid biofuels were used instead of petrol and diesel, and renewable sources are used for electricity generation.  By 2025, for example, 5% of road freight would be delivered using CNG, 8% of private passenger vehicles would run on CNG and 5% would be electric, and 15% of buses would run on alternative fuels.  
· Technical Fix (TFX).  This strategy concentrates on improving energy efficiency. Those energy efficiency technologies are included that have a simple payback time of 5 years.  Road freight fuel consumption (per tonne-km) was assumed to reduce by 40% over the lifetime of the strategy.  Passenger transport fuel consumption (per passenger-km) savings of 33% over the 30 years were assumed.
· Local Agenda 21 (LA21), which is based on the measures outlined in the first Milton Keynes Agenda 21 document (MK21 Steering Group, 1996). This contains a mix of energy efficiency and energy supply measures.  For example, the amount of freight transported in 2025 was assumed to be reduced by 10% compared with the current trends continued strategy.  Car occupancy rates were assumed to rise to 2 passengers per vehicle. The total number of journeys per person per month and the average trip distance were assumed to decrease.  Seven percent of buses and 5% of cars would run on CNG by 2025.  Three percent of cars would be electric.
· Green (GRN), which is the most radical of the five strategies. Those energy efficiency measures that repay their costs within the lifetime of the measure are included and there is also substantial fuel switching with renewables playing an important role.  People are also assumed to adopt more sustainable travel behaviours, such as increased levels of car sharing and increased use of public transport and non-motorised modes.
The strategies were modelled, assessed and compared using the tools and framework described above.  Titheridge (2004) provides a detailed description of this process and the assumption behind the strategies.

If current trends continue (CTC95), energy consumption for transportation will rise to 8.4 PJ per annum by 2025, costing businesses and households in the region of £609 to £675 million between 1990 and 2025.  This level of consumption is estimated to contribute to over 110 thousand tonnes of carbon dioxide emissions.  Table 2 gives a breakdown of other emissions resulting from this scenario.  

The Fuel Switching scenario (FSW) assessment results (Table 3) showed how a mixture of policies each aimed at different objectives, such as improving local air quality and reducing energy-related greenhouse gas emissions, can lead to conflict and produce a scenario which achieves few of the objectives efficiently and completely fails to achieve others.  For example, as shown in Tables 2 and 3, the Fuel Switching Scenario achieves no reduction in the amount carbon dioxide, sulphur dioxide, nitrous oxides and particulates emitted.  A small reduction in the levels of carbon monoxide is achieved.  These miniscule improvements are achieved through a capital investment of between £10 million and £49 million and a potential accumulated increase in fuel bills of £37 million by 2025.  These poor results can be attributed to an increase in the use of electric vehicles, aimed at improving local air quality.  The FSW strategy does result in a small reduction in the amount of petrol being used, with a potential knock-on decrease in oil spillages, oil discharges, and other impacts associated with the oil extraction, transportation and refining processes.  The increased use of renewable energy could potentially (in the short-term at least) result in some job creation locally.
The Technical Fix scenario achieved some modest reductions in energy consumption and emissions (Table 4), with energy consumption estimated to be 7.4 PJ per annum in 2025.  The cost of implementing the strategy obviously depends on the future price of energy and of energy technologies.  Captial costs range from £2 to £80 million, whilst fuel costs are expected to be between £525 and £635 million.  A 6% reduction in carbon dioxide emissions is achieved between 1990 and 2025 with, in the low price case, a 14% reduction in monetary outlay (capital costs + fuel costs).  If fuel and technology prices are high, then a 6% increase in outlay is required to achieve this reduction in emissions.  The TFX strategy will generally result in a similar range of environmental, social and economic impacts as CTC95, but to a reduced extent.
The Local Agenda 21 scenario performed well (Table 5), achieving substantial savings in energy, emissions and money, when compared with CTC95.  Annual energy consumption is reduced to 5 PJ in 2025.  Emissions of carbon dioxide are reduced to 83 thousand tonnes – a decrease of almost 25% compared with emissions from the current trends continued scenario.  Similar results are seen for other emissions.  This is most likely to have been achieved as a result of reducing private passenger vehicle mileage, as the levels of alternative fuels included in this scenario were similar to those assumed for the Fuel Switching scenario (FSW) – which achieved very little in the way of emissions reductions.  Investment needed in the LA21 strategy was estimated to range from £5 to £27 million and the total fuel bill between 1990 and 2025 was estimated to come to between £498 and £580 million pounds.  This gives a reduction in total monetary cost of between 10% and 17% when compared with CTC95.
Other impacts of the LA21 scenario include some job creation, particularly from the increased demand for renewable and alternative fuels.  The reduction in car ownership and car mileage may result in reduced levels of car crime and a reduction in the number of road accidents.   On the negative side, there may be some small loss of land from the placing of wind turbines and some visual intrusion from these and from PV modules installed on roofs.
Unsurprisingly given the assumptions that went into this scenario, the Green scenario achieved the largest reductions in energy consumption and emissions (Table 6), achieving a 50% reduction in annual energy consumption in 2025 compared with that for the CTC95 scenario in the same year and a 40% reduction in carbon dioxide emissions over the lifetime of the scenario. However, this scenario also has the greatest range of costs.  The cost of capital investment ranges from £24 million to a huge £1250 million depending on how quickly the price of new technologies reduces in the future.  The accumulated fuel costs of this scenario were the lowest of all the scenarios, at approximately two-thirds of those of CTC95.

5. Conclusions

Based on past research it seems difficult to draw any decisive conclusions on how current transport energy consumption per capita in Milton Keynes compares with the UK as a whole, and with other cities.  What does seem clear is that those aspects which may currently work in the city’s favour such as shorter trip lengths and faster journey speeds are being lost, whilst those factors that work against the city, such as high car ownership levels and higher car usage, are on the increase.  This is a cause for concern, particularly in light of recent plans to make Milton Keynes a centre of growth.
The scenarios tested show that an energy consumption reduction of 50 percent compared with the same year if current trends continue is possible within the transport sector of Milton Keynes.  Similar reductions in greenhouse gas emissions are possible.  However, these reductions can only be achieved if significant effort is put into changing the travel behaviour of individuals and businesses.   Based on the results of the Fuel Switching scenario, it seems unlikely that recent UK Government policy regarding the use of alternative fuels in transport will have any significant impact on greenhouse gas emissions.
The transport energy strategy that should be adopted by Milton Keynes in accommodating this growth depends on the importance placed by the city on the different aspects of sustainability and the attitudes of the city towards financial risk.  From the analysis above it seems that the strategy Milton Keynes is taking, based an analysis of their Local Agenda 21 document, is an appropriate one.   Based on a mid-range estimate of cost, this strategy is the most cost effective for reducing carbon dioxide emissions.
The results from the Fuel Switching scenario highlight how a mixture of policies aimed at different objectives such as reducing greenhouse gas emissions and improving local air quality can lead to conflict, the result of which is that none of the objectives are met effectively.  A comprehensive analysis of the complete package of policies, using a methodology such as the one outlined in the paper, would help ensure that any policy measures adopted by the city work in harmony with each other and will help to highlight any other impacts.
In order for a sustainability assessment methodology to be of use to local authority transport planners, it needs to provide a way of assessing with speed and reliability the scenarios derived from a number of strategy alternatives.  The methodology described in this paper has the potential to fulfil these needs.  However, in order for assessment of different transport strategies to be achieved within a reasonable timescale, and with a reasonable expenditure of resources, the methodology requires further work, such as the creation of a more comprehensive and searchable database of policy measures, improved links between the energy model and the impact assessment tools.  Finally, the methodology and its output needs to be tested with local authority officers, politicians and community groups, to ensure that the process and the output are understood by both those making the decisions and those whom the decisions would affect.
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Table 2: Summary of Impacts of the CTC95 Scenario, 1990-2025

	
	Impacts of Energy Supply/Use

	Total Energy Consumption
	 8.4 PJ in 2025
	 

	1. Capital Cost 
£(1990) millions
	Included in Fuel Costs
	 

	2. O&M Costs
	a. Fuel Costs

£(1990) millions
	£609-£675 
	O, P(H), Households, Businesses 

	
	b. Other O&M Costs
	Included in Fuel Costs
	 

	3. Land Use, Landscape and Open Land
	Possible use of agriculture land and/or wilderness areas for: Siting of new power stations; New power lines
	 COD, P(E), Local Residents; CD, P(L), Tourists, Rural Areas

	4. Noise
	Explosive noise from Oil surveying, Significant noise from coal mining and preparation
	C, P(L), Costal Settlements, COD, P(H), Tourists, Rural Areas

	5. Visual Intrusion
	Oil and Gas rigs visible from shoreline, Transmission Pylons, Power Plants
	COD, P(L), Tourists, Costal Settlements, COD, P(?), Tourists, Rural Areas; COD, P(H), Tourists, Rural Areas

	6. Transport
	a. Power

 Transmission
	
	

	
	b. Other Transport
	Increased transport for petrol
	COD, P(H), Tourists, Rural Areas

	7. Health and Safety
	a. Hazardous Materials
	 
	 

	
	b. Ionising Radiation
	
	

	
	c. Other Risks
	
	

	8. Ecology
	Disturbance from large projects on Greenfield sites, marine life disturbed by seismic oil surveys, clearance of land to construct pylons
	COD, P(H), -;   C, P(L), Fishermen;   COD, P(E), Tourism, Rural Communities.

	9. Job Creation/Loss
	 
	 

	10. Liveability of Urban and Rural Areas
	a. Security
	Increased car crime
	ODA, P(?), Nat. Gov.

	
	b. Electro-magnetic Interference
	 
	 

	
	c. Recreation
	
	

	
	d. Odours and Smells
	 
	 

	
	e. Building Quality
	 
	 

	11. Water Conservation and Quality
	a. Water Usage
	 
	 

	
	b. Water Quality
	225 tonnes of oil spilt due to oil production, 5965 tonnes discharged on drill cuttings and 4850 tonnes with produced water.  Also pipeline leaks
	CODA, P(H), -

	
	c. Groundwater
	
	

	
	d. Drainage Patterns
	
	

	12. Resources
	a. Natural Resources
	Depletion of Oil Reserves
	OA, P(100), -

	
	b. Man-made Resources
	Roads, Car Parks
	COA, P(H), Local Area

	13. Carbon Dioxide  Emissions
	110 thousand tonnes + emissions from oil production 
	COA, P(H), -

	14. Air Quality
	a. Sulphur Dioxide
	0.7 thousand tonnes 
	O, P(H), Local Area

	
	b. Nitrogen Oxides
	0.2 thousand tonnes 
	O, P(H), Local Area

	
	c. Carbon Monoxide
	15.2 tonnes
	O, P(H), Local Area

	
	e. Particulates
	0.02 tonnes 
	O, P(H), Local Area

	
	f. Thermal Emissions
	-
	-

	
	g. Other Emissions
	-
	-

	15. Land and Soil Quality
	a. Heavy Metals
	
	

	
	b. Soil 
	
	

	
	c. Solid and Liquid Waste
	
	

	
	d. Other Pollutants
	 
	 


Table 3: Summary of Impacts of the FSW Scenario, 1990-2025

	
	Impacts of Energy Supply/Use

	Total Energy Consumption
	8.0 PJ in 2025
	 

	1. Capital Cost 
£(1990) millions
	£10-£49
	 

	2. O&M Costs
	a. Fuel Costs

£(1990) millions
	£604-£712
	O, P(H), Households, Businesses 

	
	b. Other O&M Costs
	Included in Fuel Costs
	 

	3. Land Use, Landscape and Open Land
	Possible use of agriculture land and/or wilderness areas for: Siting of new power stations including wind turbines; New power lines
	 COD, P(E), Local Residents; CD, P(L), Tourists, Rural Areas

	4. Noise
	Explosive noise from Oil surveying Minimal noise from wind turbines, 
	C, P(L), Costal Settlements, COD, P(H), Tourists, Rural Areas

	5. Visual Intrusion
	Oil and Gas rigs visible from shoreline, Transmission Pylons and Wind turbines, PV Cells on roofs, Power Plants
	COD, P(L), Tourists, Costal Settlements, COD, P(?), Tourists, Rural Areas, COD, P(?), Local Area, COD, P(H), Tourists, Rural Area

	6. Transport
	a. Power

 Transmission
	New grid lines may be needed
	CO, P(?), Local to wind farms

	
	b. Other Transport
	Increased transport for petrol
	COD, P(H), Tourists, Rural Areas

	7. Health and Safety
	a. Hazardous Materials
	 PV manufacture
	M, P(L), Employees

	
	b. Ionising Radiation
	
	

	
	c. Other Risks
	
	

	8. Ecology
	Disturbance from large projects on Greenfield sites,
marine life disturbed by seismic oil surveys, clearance of land to construct pylons & turbines
	COD, P(H), -;   C, P(L), Fishermen;   COD, P(E), Tourism, Rural Communities.

	9. Job Creation/Loss
	Job creation – installation & maintenance of renewables
	 CO, P(?), -

	10. Liveability of Urban and Rural Areas
	a. Security
	Reduced car crime
	ODA, P(?), Nat. Gov.

	
	b. Electro-magnetic Interference
	 
	 

	
	c. Recreation
	
	

	
	d. Odours and Smells
	 
	 

	
	e. Building Quality
	 
	 

	11. Water Conservation and Quality
	a. Water Usage
	 
	 

	
	b. Water Quality
	reduced oil spillages, drill cuttings discharges and pipeline leaks
	CODA, P(H), -

	
	c. Groundwater
	
	

	
	d. Drainage Patterns
	
	

	12. Resources
	a. Natural Resources
	Depletion of Oil Reserves but at a much reduced rate
	OA, P(H), -

	
	b. Infrastructure/ Man-made Resources
	Roads, Car Parks
	COA, P(H), Local Area

	13. Carbon Dioxide  Emissions
	110 thousand tonnes + emissions from oil production 
	COA, P(H), -

	14. Air Quality
	a. Sulphur Dioxide
	0.7 thousand tonnes 
	O, P(H), Local Area

	
	b. Nitrogen Oxides
	0.2 thousand tonnes 
	O, P(H), Local Area

	
	c. Carbon Monoxide
	14.7 tonnes
	O, P(H), Local Area

	
	e. Particulates
	0.02 tonnes 
	O, P(H), Local Area

	
	f. Thermal Emissions
	-
	-

	
	g. Other Emissions
	-
	-

	15. Land and Soil Quality
	a. Heavy Metals
	Trace from biomass 
PV during de-commission
	O, P(H), Local Area.
D, P(L), Workers

	
	b. Soil 
	
	

	
	c. Solid and Liquid Waste
	
	

	
	d. Other Pollutants
	 
	 


Table 4: Summary of Impacts of the TFX Scenario, 1990-2025

	
	Impacts of Energy Supply/Use

	Total Energy Consumption
	 7.4  PJ in 2025
	 

	1. Capital Cost 
£(1990) millions
	£2-£80
	 

	2. O&M Costs
	a. Fuel Costs

£(1990) millions
	£625-£735 
	O, P(H), Households, Businesses 

	
	b. Other O&M Costs
	Included in Fuel Costs
	 

	3. Land Use, Landscape and Open Land
	Possible use of agriculture land and/or wilderness areas for: Siting of new power stations; New power lines
	 COD, P(E), Local Residents; CD, P(L), Tourists, Rural Areas

	4. Noise
	Explosive noise from Oil surveying, Significant noise from coal mining and preparation
	C, P(L), Costal Settlements, COD, P(H), Tourists, Rural Areas

	5. Visual Intrusion
	Oil and Gas rigs visible from shoreline, Transmission Pylons, Power Plants
	COD, P(L), Tourists, Costal Settlements, COD, P(?), Tourists, Rural Areas; COD, P(H), Tourists, Rural Areas

	6. Transport
	a. Power

 Transmission
	
	

	
	b. Other Transport
	Increased transport for petrol
	COD, P(H), Tourists, Rural Areas

	7. Health and Safety
	a. Hazardous Materials
	 
	 

	
	b. Ionising Radiation
	
	

	
	c. Other Risks
	
	

	8. Ecology
	Disturbance from large projects on Greenfield sites, marine life disturbed by seismic oil surveys, clearance of land to construct pylons
	COD, P(H), -;   C, P(L), Fishermen;   COD, P(E), Tourism, Rural Communities.

	9. Job Creation/Loss
	 
	 

	10. Liveability of Urban and Rural Areas
	a. Security
	Increased car crime
	ODA, P(?), Nat. Gov.

	
	b. Electro-magnetic Interference
	 
	 

	
	c. Recreation
	
	

	
	d. Odours and Smells
	 
	 

	
	e. Building Quality
	 
	 

	11. Water Conservation and Quality
	a. Water Usage
	 
	 

	
	b. Water Quality
	reduced oil spillages, drill cuttings discharges and pipeline leaks
	CODA, P(H), -

	
	c. Groundwater
	
	

	
	d. Drainage Patterns
	
	

	12. Resources
	a. Natural Resources
	Depletion of Oil Reserves but at a reduced rate
	OA, P(H), -

	
	b. Infrastructure/ Man-made Resources
	Roads, Car Parks
	COA, P(H), Local Area

	13. Carbon Dioxide  Emissions
	103 thousand tonnes + emissions from oil production 
	COA, P(H), -

	14. Air Quality
	a. Sulphur Dioxide
	0.7 thousand tonnes 
	O, P(H), Local Area

	
	b. Nitrogen Oxides
	0.1 thousand tonnes 
	O, P(H), Local Area

	
	c. Carbon Monoxide
	13.2 tonnes
	O, P(H), Local Area

	
	e. Particulates
	0.02 tonnes 
	O, P(H), Local Area

	
	f. Thermal Emissions
	-
	-

	
	e. Other Emissions
	
	

	15. Land and Soil Quality
	a. Heavy Metals
	
	

	
	b. Soil 
	
	

	
	c. Solid and Liquid Waste
	
	

	
	d. Other Pollutants
	 
	 


Table 5: Summary of Impacts of the LA21 Scenario, 1990-2025

	
	Impacts of Energy Supply/Use

	Total Energy Consumption
	5.0 PJ in 2025
	 

	1. Capital Cost 
£(1990) millions
	£5-£27
	 

	2. O&M Costs
	a. Fuel Costs

£(1990) millions
	£498-£580
	O, P(H), Households, Businesses 

	
	b. Other O&M Costs
	Increased maintenance costs
	  P(L)

	3. Land Use, Landscape and Open Land
	Possible use of agriculture land and/or wilderness areas for: Siting of new power stations including wind turbines; New power lines
	COD, P(E), Local Residents; CD, P(L), Tourists, Rural Areas

	4. Noise
	Explosive noise from Oil surveying, Minimal noise from wind turbines
	C, P(L), Costal Settlements, COD, P(H), Tourists, Rural Areas

	5. Visual Intrusion
	Oil and Gas rigs visible from shoreline, Transmission Pylons and Wind turbines, PV Cells on roofs, Power Plants
	COD, P(L), Tourists, Costal Settlements, COD, P(?), Tourists, Rural Areas, COD, P(?), Local Area, COD, P(H), Tourists, Rural Areas

	6. Transport
	a. Power

 Transmission
	New grid lines may be needed
	CO, P(?), Local to wind farms

	
	b. Other Transport
	Increased transport for petrol
	COD, P(H), Tourists, Rural Areas

	7. Health and Safety
	a. Hazardous Materials
	 PV manufacture
	M, P(L), Employees

	
	b. Ionising Radiation
	
	

	
	c. Other Risks
	
	

	8. Ecology
	Disturbance from large projects on Greenfield sites,
marine life disturbed by seismic oil surveys, clearance of land to construct pylons & turbines
	COD, P(H), -;   C, P(L), Fishermen;   COD, P(E), Tourism, Rural Communities.

	9. Job Creation/Loss
	Job creation – installation & maintenance of renewables
	 CO, P(?), -

	10. Liveability of Urban and Rural Areas
	a. Security
	Reduced car crime
	ODA, P(?), Nat. Gov.

	
	b. Electro-magnetic Interference
	 
	 

	
	c. Recreation
	
	

	
	d. Odours and Smells
	 
	 

	
	e. Building Quality
	 
	 

	11. Water Conservation and Quality
	a. Water Usage
	 
	 

	
	b. Water Quality
	reduced oil spillages, drill cuttings discharges and pipeline leaks
	CODA, P(H), -

	
	c. Groundwater
	
	

	
	d. Drainage Patterns
	
	

	12. Resources
	a. Natural Resources
	Depletion of Oil Reserves but at a much reduced rate
	OA, P(H), -

	
	b. Infrastructure/ Man-made Resources
	Roads, Car Parks
	COA, P(H), Local Area

	13. Carbon Dioxide  Emissions
	83 thousand tonnes + emissions from oil production 
	COA, P(H), -

	14. Air Quality
	a. Sulphur Dioxide
	0.5 thousand tonnes 
	O, P(H), Local Area

	
	b. Nitrogen Oxides
	0.1 thousand tonnes 
	O, P(H), Local Area

	
	c. Carbon Monoxide
	10.5 tonnes
	O, P(H), Local Area

	
	e. Particulates
	0.01 tonnes 
	O, P(H), Local Area

	
	f. Thermal Emissions
	-
	-

	
	g. Other Emissions
	-
	-

	15. Land and Soil Quality
	a. Heavy Metals
	Trace from biomass 
PV during de-commission
	O, P(H), Local Area.
D, P(L), Workers

	
	b. Soil 
	
	

	
	c. Solid and Liquid Waste
	
	

	
	d. Other Pollutants
	 
	 


Table 6: Summary of Impacts of the GRN Scenario, 1990-2025

	
	Impacts of Energy Supply/Use

	Total Energy Consumption
	4.2 PJ in 2025
	 

	1. Capital Cost 
£(1990) millions
	£24-£1250
	 

	2. O&M Costs
	a. Fuel Costs

£(1990) millions
	£392-£457
	O, P(H), Households, Businesses 

	
	b. Other O&M Costs
	Included in Fuel Costs
	 

	3. Land Use, Landscape and Open Land
	Possible use of agriculture land and/or wilderness areas for: Siting of new power stations including wind turbines; New power lines
	 COD, P(E), Local Residents;  CD, P(L), Tourists, Rural Areas

	4. Noise
	Explosive noise from Oil surveying, Minimal noise from wind turbines
	C, P(L), Costal Settlements, COD, P(H), Tourists, Rural Areas

	5. Visual Intrusion
	Oil and Gas rigs visible from shoreline; Transmission Pylons and Wind turbines; PV Cells on roofs; Power Plants
	COD, P(L), Tourists, Costal Settlements, COD, P(?), Tourists, Rural Areas; COD, P(?), Local Area; COD, P(H), Tourists, Rural Areas

	6. Transport
	a. Power

 Transmission
	
	

	
	b. Other Transport
	Increased transport for petrol
	COD, P(H), Tourists, Rural Areas

	7. Health and Safety
	a. Hazardous Materials
	 PV manufacture
	M, P(L), Employees

	
	b. Ionising Radiation
	
	

	
	c. Other Risks
	
	

	8. Ecology
	Disturbance from large projects on Greenfield sites, marine life disturbed by seismic oil surveys, clearance of land to construct pylons & turbines
	COD, P(H), -;   C, P(L), Fishermen;   COD, P(E), Tourism, Rural Communities.

	9. Job Creation/Loss
	 
	 

	10. Liveability of Urban and Rural Areas
	a. Security
	Reduced car crime
	ODA, P(?), Nat. Gov.

	
	b. Electro-magnetic Interference
	 
	 

	
	c. Recreation
	
	

	
	d. Odours and Smells
	 
	 

	
	e. Building Quality
	 
	 

	11. Water Conservation and Quality
	a. Water Usage
	 
	 

	
	b. Water Quality
	reduced oil spillages, drill cuttings discharges and pipeline leaks
	CODA, P(H), -

	
	c. Groundwater
	
	

	
	d. Drainage Patterns
	
	

	12. Resources
	a. Natural Resources
	Depletion of Oil Reserves but at a much reduced rate
	OA, P(H), -

	
	b. Infrastructure/ Man-made Resources
	Roads, Car Parks
	COA, P(H), Local Area

	13. Carbon Dioxide  Emissions
	67 thousand tonnes + emissions from oil production 
	COA, P(H), -

	14. Air Quality
	a. Sulphur Dioxide
	0.4 thousand tonnes 
	O, P(H), Local Area

	
	b. Nitrogen Oxides
	0.1 thousand tonnes 
	O, P(H), Local Area

	
	c. Carbon Monoxide
	7.7 tonnes
	O, P(H), Local Area

	
	e. Particulates
	0.01 tonnes 
	O, P(H), Local Area

	
	f. Thermal Emissions
	-
	-

	
	g. Other Emissions
	-
	-

	15. Land and Soil Quality
	a. Heavy Metals
	Trace from biomass 
PV during de-commission
	O, P(H), Local Area.
D, P(L), Workers

	
	b. Soil 
	
	

	
	c. Solid and Liquid Waste
	
	

	
	d. Other Pollutants
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