Creating a Network of Services for Energy
and Environmental Innovations in the UK

Capstone Project Results from the 2008 Cambridge Summer Program in
International Energy Policy and Environmental Assessment
Institute for the Environment
UNC-Chapel Hill
Laura Adams
William Bobbitt
Elizabeth Ervin
Anslei Foster
Nathaniel Horowitz
Hannah Hunsberger
Kristen Jarman
Meaghan Jennison
Erika Kupatt
Deidre Ledford
Prairie Reep
Brian Smyser
Sean Weyrich
Philip Womble
Advisor: Dr. Douglas Crawford-Brown
Mentor: EnviroTech team, Cambridge, UK
August 4, 2008

1

1. Introduction
The following report contains the results of the team-based projects performed by the
students of the 2008 Summer Programme in International Energy Policy and Environmental
Assessment. The projects were developed in response to needs identified by the
Sustainability Team of the City Council of Cambridge, UK, and the non-commercial arm of
the newly launched EnviroTech, for actions that enable diverse groups to work collectively
towards energy and environmental solutions.

While past summers have focused on developing
carbon dioxide inventories and strategies for reduction
in Cambridge, the 2008 Programme focused on
assessing the new strategic climate change plan for
Cambridge and providing core support services for
moving energy and environmental innovations forward
throughout communities in the U.K. That strategic plan
Figure 1. The projects in this
report were selected to meet both
the City of Cambridge goals, and
EnviroTech’s goals, of enhancing
the ability of diverse groups to
work together towards energy and
environmental solutions.

has a feature common to the entire suite of projects:
identifying a network of individuals and organizations
that can bring potential solutions forward to action, and
then establishing the resources needed to help that
network function. Hence, we have chosen the image of

a network as the organizing principle for this suite of projects.

The student teams selected projects that cut across the issues and needs of national,
municipal, institutional and individual decision-makers in the area of environmental
protection generally and climate change in particular. At the national level, one team
examined the implications of the EcoCities programme in the U.K., determining how this
programme is likely to stimulate the market for innovative technologies aimed at reducing
energy use and the carbon footprints of communities throughout the U.K. At the municipal
level, one team examined the sustainability policies of municipalities in England, searching
for common requirements to which an innovator, investor or provider of technology might
turn in locating future markets for Cleantech innovations. A second team turned towards an
assessment of the latest draft Climate Change Strategy and Action Plan by the City of
Cambridge, detailing the strengths and limitations of the plan and suggesting a way towards
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improvement so the results would be more quantifiable and the strategy made more detailed
with respect to daily actions by the full range of engaged partners..

The other three teams focused on the needs of individual innovators, investors, providers and
adopters of technologies, helping EnviroTech form these groups into a network of institutions
and individuals linked by a common passion for
identifying and fostering technologies to tackle
climate change, energy practices and
environmental improvements. The first team
developed a listing of the next generation of
technology innovations that, if brought to market,
might be expected to make significant
contributions to environmental challenges. The
second group developed a listing of emerging
environmental issues that might require solutions
in the near-to-medium term, providing advance

Figure 2. EnviroTech is a new firm in
Cambridge bringing together all
members of the national community of
energy and environmental businesses.
The non-commercial arm, which is the
one guiding the student projects,
provides free services to these businesses
so they can work together directly.

notice to innovators and investors. The final group developed a framework for Facebook-like
pages that would link together innovators, investors, providers, adopters and
regulators/framers, increasing their ability to identify each other, get their needs and services
to a wide audience, and act collectively in tackling complex energy and environmental
challenges.

Taken together, these six projects are the first steps of the Cambridge Summer Programme in
International Energy Policy and Environmental Assessment in moving beyond analysis and
policy statements, and towards concrete actions that will stimulate the personal, institutional
and national actions required to avoid the most troubling environmental changes and energy
shocks.

In past years, the Capstone reports for the Programme have resulted in websites. These sites
have now been collated into a single Institute for the Environment site (at www.ie.unc.edu,
then go to Carbon Reduction). Since the materials developed this summer did not lend
themselves to such a dedicated site, having a wide range of goals and audiences, this report
serves as the sole summary of the findings. However, selected results can be found on the
EnviroTech website in the non-commercial community support section, at
3

www.envirotechuk.org. The present report is then organized around the six projects, with a
separate chapter for each project plus a summary of conclusions in Chapter 8.

Several individuals and organizations played key roles in educating the students this summer,
and so we thank them here. This includes the Community Carbon (CRed) programme at the
University of East Anglia; the Environmental Team at the University of Cambridge (chiefly
Martin Whiteland), Simon Chubb and the Sustainability Team in City Council, Cambridge;
the Cambridge Carbon Footprint group; and the Sustainability Team at Pell Frischmann in
London (especially Tim Jervis and Ani New).
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Analysis of the Cambridge Climate Change Strategy and Action Plan
Lead authors: Sean Weyrich and Philip Womble

1. Introduction and General Comments

Governments at all levels have been assigned the difficult task of climate change mitigation
and adaptation that reflects the changing world and the communities that they govern.
Cambridge City Council has outlined a plan that enables the City of Cambridge to move
toward more sustainable practices while still allowing for increased growth and prosperity of
the community. By creating the Climate Change Strategy & Action Plan, Cambridge
recognises its obligation to its
citizens, Cambridgeshire, the United
Kingdom and the world. They
suggest that in order for future
generations to live like we do,
individuals now must be proactive
towards climate change.

The Cambridge Climate Change
Strategy & Action Plan stresses
community-wide leadership and

The focus of the Climate Change Strategy
and Action Plan on community-wide action
driven by partnerships is wise, as the
causes and solutions of climate change are
located in decisions taken by all sectors of
the community.
However, this bold strategy will require
unprecedented collaboration between the
parties in Cambridge, which in turn will
require an organization willing to take a
central and coordinating role. That role
should be played by Cambridge City
Council, and the current document does not
stress this.

collaboration in order to combat the forthcoming changes. The opening sections of the
document identify the purpose, aims, and scope of the action plan itself. This part of the
strategy is the foundation for the later sections which focus on specific actions Cambridge
can undertake in order to meet the aims identified by City Council. The plan continues by
outlining the predicted risks for the East of England as a result of climate change. They offer
both the low and high emissions scenarios which present potentially damaging changes that
could affect everyone. Based on these predicted changes, four reasons are given as to why
Cambridge should take action towards preventing and preparing for the effects of climate
change. The reasons include: cost-effectiveness, quality of life, a sustainable economy, and
global fairness. In line with achieving all four of these objectives, ambitious emissions
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reductions and preparative measures are outlined. The incentive for producing a Climate
Change Strategy & Action plan is justified through these four reasons.

The plan focuses next on the carbon footprints of Cambridge and City Council while
highlighting the reductions goals and targets established in the UK. For these goals and
targets to be met, Cambridge has established four important mitigation areas: homes,
workplaces, road transport, and waste, each followed by proposed measures to specify how
Cambridge City Council will address CO2 reductions in each sector. The UK as a whole must
adopt stringent regulations regarding carbon if it wishes to become the pioneer for limiting
the effects of climate change. In order for the UK to attain its 60% CO2 reduction goal by
2050, governing bodies throughout the country must make the necessary steps similar to that
of Cambridge.
The Climate Change Strategy and
Action Plan has future-proofed its
recommendations by adopting a target
of 90% reduction. While current UK
policy calls for a 60% reduction by
2050, this target is moving upwards as
the effects of climate change become
more evident. City Council is to be
applauded for “raising the bar” on the
reduction goals.

Effective climate change strategies at a
municipal level are crucial to the success of the
City of Cambridge’s overall carbon reductions
initiatives. The Cambridge Climate Change
Strategy & Action Plan stresses action on
adaptation and mitigation, which have
implications for future generations. While we

see adaptation actions as a necessary step for Cambridge, the present report focuses solely on
the plan’s methodology behind the mitigation of climate change (as the Summer Programme
in International Energy Policy and Environmental Assessment considered only mitigation
strategies). Currently emitted greenhouse gases will persist in the atmosphere for decades to
come, making responding with immediate carbon reductions a more pressing issue. The
Stern Report supports the economic motivation behind this narrowed focus1. The document
overwhelmingly promotes mitigation actions as being the most cost-effective way to stave off
the effects of climate change rather than focusing on adaptation (although we note that
studies at IIASA in Austria suggest a balanced approach is most cost effective). The Stern
Report states:

1

http://www.hmtreasury.gov.uk/independent_reviews/stern_review_economics_climate_change/stern_review_Report.cfm
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Mitigation - taking strong action to reduce emissions - must be viewed as an
investment, a cost incurred now and in the coming few decades to avoid the
risks of very severe consequences in the future. If these investments are made
wisely, the costs will be manageable, and there will be a wide range of
opportunities for growth and development along the way.
It continues by saying: “the benefits of strong, early action considerably outweigh the costs.”
Based on the economic conclusions outlined in the Stern Report, assessing the mitigation
measures was seen as the most beneficial way to make the Action Plan a document that helps
Cambridge contribute to the prevention of the most serious consequences of climate change.
In doing so, we generate a critique of the Action Plan, answer all questions concerning
mitigation posed by the document authors, and offer a best estimate - albeit qualitative - cost
benefit analysis for each of the measures pertaining to mitigation. Our hope in this
assessment is solely to help Cambridge as a community attain the goals outlined in the
document. Cambridge has the unique ability through the publication of this document to set
standards for climate change mitigation that will have repercussions throughout the UK.

2. Critique of the Climate Change Strategy and Action Plan

The Cambridge Climate Change Strategy and Action Plan takes a necessary step
forward in tackling carbon emissions and preparing for future damages resulting from
climatic changes. The Strategy takes a proactive approach towards carbon reduction
and includes valuable steps towards the achievement of Cambridge’s environmental
goals; however, some of the proposals need more attention. The strategy correctly
emphasises that the debates surrounding climate change are over and that Cambridge
is dedicated to combating its anthropogenic causes locally. The document succeeds in
establishing ambitious future targets, creating an accurate understanding of climate
change’s causes and effects, providing persuasive reasoning as to why action is
necessary, characterizing the main local emissions sources, and networking
previously unconnected Council policies with relevance to climate change. The
Strategy emphasises four main reasons for Cambridge to act against climate change:
cost-effectiveness, quality of life, sustainable economy, and global fairness. These
principles are reflected in the pathway of emissions reductions based on a 2050 per
capita 90% reduction. These goals are challenging for the local community, and their
7

achievement will require significant grid decarbonisation, which entails increases in
clean energy supplies feeding electricity to Cambridge.

The document is effectively organised into four main mitigation areas, focusing on
households, workplaces, road transport, and waste management. Based on DEFRA’s
organisation of the carbon footprint these were logical sectors on which to focus; however
more divisions within sectors would
The 90% reduction goal will not be met
through actions taken solely in Cambridge.
There will be a need for de-carbonization
of the grid supplying Cambridge. While
Cambridge City Council is not in control of
this grid, it does have avenues by which it
can bring pressure on, or help support,
national utilities in bringing about the
needed de-carbonization. The current
document does not raise this important
issue, or call for Council action on this
issue.

promote more effectively targeted proposals.
The methodology of presenting current
measures along with proposed actions is
helpful in outlining the Strategy’s future
plans. The plan also delegates
responsibilities across the Council’s
different committees, which promotes
accountability towards effective completion.
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Although the document highlights the necessity to act immediately on climate change, many
of its proposals lack the definitiveness and urgency to support this claim, with no evident
timeline for specific actions that will lead to specific reductions. While various proposals
require trial periods to assess their feasibility, the time for exploring opportunities has passed
and the time for direct action has arrived. Very few proposed actions have quantifiable
emissions reductions results based on strategic, technical plans and few lay the groundwork
Effective policy planning requires
moving quickly from broad goals
(e.g. a 90% reduction in emissions)
to specific sub-goals (e.g. a 70%
increase in bike ridership). This
requires in turn identification of
specific actions that affect material
and energy flow through the city;
specification of the responsibilities
of managers of key points in this
flow; and some form of cost-benefit
analysis to be sure limited resources
are directed towards the most
effective measures. The current
Action Plan has a disconnect
between the quantification of
emissions in the emissions
inventory and the impact of specific
proposals on the material and
energy flow, and hence carbon
dioxide emissions.

for pursuing short-to-medium term large-scale
emissions reductions. An objective methodology
for assessing the carbon reductions per pound spent,
or at least per unit resource and effort spent, is
needed to effectively allocate the limited resources
available for City Council’s climate change
programmes. We have created in this report a
representative system for analysing the actions in
the current plan; however, due to the unquantified
nature of the degree of emissions reduction to be
accomplished through most of the proposals, our
judgements of cost and effectiveness are purely
subjective. It makes the most sense, from an
environmental and an economic point of view, to
correctly identify sources of easy yet significant

reductions to pursue initially. Thus, we feel a number of the actions need revision with
increased specificity so that projected carbon reductions can be associated with each measure.
This will allow for a more objective analysis of the full costs and benefits associated with
each proposal.

In order to achieve reductions goals, the on-the-ground decision makers controlling energy
and material flows in Cambridge need to be engaged with technical knowledge on how to
directly modify carbon use patterns. As it is now, most of the proposals lack technical
guidance and therefore pose problems of disconnect between policy-makers and
implementers of those policies. For example, sections delegated to the Policy and Projects
department within City Council have actions that laudably promote sustainability but fail to
provide internal direction as to how they will be put into action. These proposals seem to rely
on the Cambridge community to interpret the actions and determine their technical aspects;
9

however, City Council should be taking the lead role in specifying these actions so that they
can be adopted rapidly, and providing quantitative sub-targets (i.e. targets for specific actions
– not just the overall reduction goal) that will ensure the overall reduction goals are met in the
most efficacious manner. Reducing the delay between introduction of policy and adoption of
change will be improved by increasing the level of direction given to various actors in the
local community.

Strengthening community partnerships and influencing behaviours by non-governmental
partners is an area that is identified in the strategy as one of the key roles of City Council in
promoting carbon reduction. We believe that partnerships and influencing should be
separated into two different roles based on their inherent differences and the strategic
importance of integrating both into an effective climate change plan. This separation is
necessary to avoid confusion in the purpose behind each role. Partnerships comprise fruitful
relationships between the Sustainable City team and business and educational community
partners, along with other organisations. In contrast, “influencing” should focus on using the
economic and planning powers invested in the Council to change daily habits.

Strong community partnerships are a necessity in garnering support for mitigation proposals.
While the Cambridge Climate Change Charter creates the correct mechanism for partnership
outreach, the partners need to be effectively engaged in the success or failure of specific
climate change initiatives mentioned in the Climate Change Strategy and Action Plan.
Current proposed actions provide little to no information on which community partners will
be consulted and pushed to have an active role in coordinated efforts towards future
sustainability standards. Specific partners should be mentioned in the Action Plan to make
clear their roles in meeting the Council’s goals and to promote community-wide acceptance
of the document. City Council should also be open to creating partners outside regional
boundaries, such as the ones that will be needed for de-carbonization of the grid, or for
broader and more stringent planning authority to force needed changes in the built
environment.

Influencing actions of community citizens is key to the success of the plan because they
typically result in changes that are beyond the powers of the Council to implement directly.
A few of the proposed influencing measures correctly identify opportunities to change
behaviour, whether through increasing housing standards in line with Code for Sustainable
10

Homes or introducing carbon based parking and taxi regulations. However, expansion of
appropriate influencing measures would effectively promote more carbon reductions.
Providing economic motivations for businesses and individuals to minimise waste, for
example, with a “polluter pays” philosophy seems to fairly redistribute taxes and to promote
sustainable habits. City Council does not effectively propose the use of its main power,
planning authority, to influence business and development decisions. Certain proposals
reflect the desire to have sustainable developments reaching certain standards, such as on
Clay Farm, yet they show no plans for using authority in directing development standards.
We believe that the Climate Change Strategy and Action Plan needs to shift more focus
towards these two roles – which will necessarily reduce focus on Council Management and
Service delivery - because successful Partnership and Influencing measures will be more
rewarding in terms of reducing the City’s overall carbon dioxide inventory.

There also appears to be a disconnect between the carbon inventory and the importance
placed on measures within the Action Plan. The involvement of City Council in each sector
of the inventory should be built directly on
By listing a very large array of strategies,
with no assessment of the relative
contributions of these to emissions
reductions, the Action Plan runs the risk of
having specific strategies dominate simply
because they find champions in City
Council. There will be a tendency to begin
treating the strategies as “tick boxes”,
rather than a systematic and quantitative
approach to prioritization.

the most significant components, rather than
tackling the components equally. A further
subdivision within the three main categories
identified in the DEFRA numbers will
enable climate change officers to better
target strategies for emissions based
reductions. An accurate breakdown of each

sector will allow the Council to purse appropriate technologies and policies that will ensure
timely and effective reductions. While it is important for City Council to lead with internally
based carbon reductions programmes, they should not do it at the cost of failing to work with
the major emitters within the Cambridge community.

Finally, Cambridge needs to play a more active role in addressing the development and
integration of low and zero carbon energy sources in the town and region. In order for
Cambridge to have a reasonable chance at reaching its ambitious carbon reduction aims by
2050, significantly lowering the carbon release factor (CO2 released per unit energy
consumed) associated with electricity generation for Cambridge will be essential. It is likely
that technological innovations reducing this release factor will run far ahead of actions that
11

reduce energy consumption. The Action Plan only proposes one action that specifically refers
to use of renewable energy and locally generated energy (Action H2), and H2 presents little
detail as to how these technologies will be promoted. The plan is highly oriented towards
lowering energy usage and increasing energy
efficiency in Cambridge, but has few
procedures for promoting long-term low
carbon energy solutions. Instead of taking a
passive role and waiting for county and
national initiatives to promote higher
renewable requirements, Cambridge needs to
create a specific action plan for pursuit of
cleaner technologies.

For instance, there is no mention in the
Strategy and Action Plan of any progress
towards installing a biofuel Combined Heat
and Power (CHP) plant in Cambridge as an

The Action Plan calls for a per capita
reduction in emissions, rather than an
overall reduction. This will require
careful thought. If the population
increases because people move here
from elsewhere, and if Cambridge can
provide them a quality of life with
lower carbon emissions than would
have been found in their previous
home, the world will be better off. But
if the population grows through an
increase in the birth rate, or if the
infrastructure abandoned by an
individual moving from, say,
Birmingham to Cambridge remains in
use back in Birmingham, the overall
world emissions will increase. Some
balance between a per capita and
overall reduction target will be needed.

efficient source of decentralised energy. Cambridge has the unique ability to partner with the
university and innovators to pursue renewable technologies. Innovation is also not limited to
the technological realm, but can be extended to policies. If Cambridge can produce a
relatively large amount of energy through renewables or a CHP, reversal of current energy
charging practises could influence energy use patterns. Instead of billing high costs for the
first kWh consumed and then lowering the cost beyond a certain energy usage, a charging
system progressively rising from low to high would encourage increased efficiency and
reduced energy consumption.

Cambridge could also pursue establishing a system similar to the Joint Implementation clause
(JI) in the Kyoto Protocol, but on a national level to promote more effective investment in
clean energy sources. Onshore wind potential is much higher in Scotland than in Cambridge
and Cambridge has no water boundaries, limiting opportunities for the City Council to invest
in water-based renewables such as tidal and wave power. In a UK system similar to the JI
clause, Cambridge could invest in the construction of wind turbines in Scotland, which would
have a higher net benefit than if built locally, and then pull the amount of energy provided out
of the national grid. This would function similarly to the University of Cambridge receiving
12

its energy from a hydropower plant in Scotland and would allow the City of Cambridge to
invest in the most cost-effective energy solutions. Lobbying for support of such a policy
structure would allow all municipalities in the UK to make decisions with typically higher net
environmental benefits. While these are just two examples of policy innovations that can
change Cambridge’s energy profile, in order to increase its effectiveness, similar approaches
are needed in the Climate Change Strategy and Action Plan.

3. Specific Charge Questions

In this section, we address the specific questions asked of reviewers in the Cambridge
Climate Change Strategy and Action Plan document.

Question 1: Do you agree with the purpose, aims and scope of this strategy and action plan?
If not, how would you like to see them altered?

We applaud the Climate Change Strategy and Action Plan for establishing a mechanism to
combat the causes and consequences of climate change within the city. The purpose and the
aims of the document are both very ambitious and present sizable challenges for the
Cambridge community to solve. The scope of the document is appropriate because it
encompasses the areas in which City Council has authority and potential to influence change.
The only major emissions sources that are not included in the document are aviation and
shipping, which local authorities currently cannot control or even influence. The 90% per
capita reduction in overall carbon emissions and City Council services is bold and will
require significant investment from all community partners.
Although the UK Government’s National Performance Indicator for Local Governments (No.
186)2 promotes measuring municipal carbon reductions through per capita measures, we also
think that it is important for Cambridge officers to consider the implications of population
growth on their overall emissions mitigations. Using the UK Statistics Authority’s
population projections for Cambridge from 2006-20313, we found a linear growth pattern and
extrapolated a prediction for 2050.

2
3

http://www.defra.gov.uk/environment/localgovindicators/index.htm
http://www.statistics.gov.uk/downloads/theme_population/SNPP-2006/InteractivePDF_2006-basedSNPP.pdf
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Predicted Cambridge Population
Growth 2006-2050
based on UK Statistics Authority's 2006-2031 Population Projections
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This gave an estimated 2050 population of 177,000 in Cambridge. Based on a 2005 baseline
year population of 109,0004 with total carbon emissions of 763,626 tonnes5, the 90% per
capita reduction target translates to an overall reduction of only 84.1%, excluding aviation
and shipping, if the population increases as predicted. It is important to consider where new
population members are originating and how their lifestyles change when they move to
Cambridge. If population growth comes from members of society moving from a more
carbon-intensive region to Cambridge, although Cambridge’s total emissions rise, the world’s
emissions will fall. However, if growth comes from new births or immigration from areas of
the world where carbon footprints are smaller, carbon emissions rise and the world emissions
rise. As seen in the figure below, England’s total population is predicted to see a substantial
increase in the coming years due to a number of combined factors.

4

http://www.defra.gov.uk/environment/statistics/globatmos/download/regionalrpt/localregionalco2emissions2005.xls
5
2005 Cambridge Summer Program Report University of North Carolina at Chapel Hill
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6

We then used two crude methods of assuming future aviation and shipping emissions values
to give an idea of the Cambridge target’s effect on overall community reductions. Method 1
assumed that per capita aviation and shipping would maintain 2006 values until 2050 while
Method 2 used aviation and shipping data from 1990-2006 and inferred that these two sectors
would follow the same linear patterns they followed during this 16-year period.

6

http://www.gad.gov.uk/Demography_Data/Population/2006/uk/wuk06cc.xls
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Figure 5: Greenhouse gases from UK-based international aviation and shipping bunkers, 1990-2006
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The 1990-2006 data are calculated using refuelling statistics from international bunkers at
UK airports and ports7. It does not include estimates for national shipping and aviation
emissions. Neither of these future estimation methods account for technological advances in
low carbon methods for aviation or shipping, as well as changes in demand in these two
sectors. However, it is likely that future values will lie somewhere between our two
estimates. Method 1 returned an overall reduction of emissions in Cambridge of 67%
(assuming the 90% per capita reduction target is reached) while Method 2 returned an overall
reduction of 59%. Although these values are both close to the overall UK goal of a 60% CO2
reduction by 2050, and there are no mechanisms Cambridge can use to reduce communitywide aviation and shipping emissions levels, we still believe it is important to take these
figures into account, since the contribution of Cambridge to reducing overall emissions levels
for the world are the primary measure of success of the strategy.

Question 2: Do you agree with the 3 roles Cambridge City Council has identified for itself to
address the causes and consequences of climate change? If not, how would you like to see
them altered?
We agree with the formulation of the 3 roles Cambridge City Council has established for
7

http://www.defra.gov.uk/environment/statistics/globatmos/index.htm
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itself in the Climate Change Strategy, but we think it is essential for the third category to be
divided into separate tasks of influencing and partnership. Partnership should focus solely on
strategic cooperation between the City Council and the private sector to promote effective
mitigation programmes through mechanisms such as the Cambridge Climate Change Charter.
Influencing contrasts with partnerships because it encompasses the use of planning authority
and legislative action to influence private decision-making processes along with community
awareness campaigns. While these two roles are similar for the City Council, it is important
that a distinction be made between the two so that officers can better understand the goals of
their assigned actions.

Question 3: Do you agree with the way a carbon footprint has been calculated for
Cambridge? If not, how do you think it can be altered?

In our analysis, we opted to use the Cambridge Carbon Inventory developed in the baseline
year of 2005 by UNC-CH students because of its specificity. The total emissions calculated
by the UNC students was 763,626 tonnes of carbon dioxide, which differs slightly from
DEFRA’s estimation of 781,000 tonnes. We understand that Cambridge’s emissions
reductions targets will be gauged against future DEFRA numbers, but we would encourage
further division of the three main sectors included in the carbon footprint to better identify
potential reductions. For instance, in the UNC-CH inventory, the Industrial, Commercial and
Public Sector (as defined by DEFRA) is divided into Industry/Business, University, and
Government. The effectiveness of potential reductions actions can be weighted based on the
sector they affect, and this estimate will be more accurate and useful with greater specificity
in the carbon footprint. If possible, expanding the carbon footprint to include greenhouse
gases besides carbon dioxide, as is suggested in action W12 with waste, would produce a
better understanding of Cambridge’s total environmental impact. We would finally
recommend updating the Strategy to use the most current DEFRA numbers, which were
released in April of 20088.

Question 4: Do you agree with the way a carbon footprint has been calculated for Cambridge
City Council? If not, how do you think it can be altered?

8

http://www.defra.gov.uk/environment/statistics/globatmos/download/regionalrpt/localregionalco2emissions2005-rev200804.xls
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The carbon footprint calculations for Cambridge City Council appear to be calculated and
divided in a manner that is useful for effective realization of reduction possibilities, subject to
the comments in Question 3 above. We also agree that measuring the Council’s footprint on
a per capita basis is the correct method of analysing efficiency in service delivery, subject to
our previous comments on per capita versus overall emissions. However, we believe that the
scope of Council’s indirect influence in the community goes far beyond simply Sports
Centres and Pools.

Question 5: Do you agree with the way carbon reduction aims have been calculated for
Cambridge and the City Council? If not, how do you think it can be altered?

As mentioned earlier in Question 1, we think that both overall emissions reductions and per
capita emissions reductions should be considered. In order for the UK to follow the
reductions pathway deemed necessary by Baer and Mastrandrea to avoid dangerous climate
change,9 policies that also recognize the effects of population growth, aviation, and shipping
must be pursued.

We note, however, that there are no calculations of sub-targets, sich as specific targets for
transport, business, housing, etc. That is where the real contribution will be made in the
Action Plan, and so we urge the Council to move quickly towards quantifying the effect of
sub-targets.

Question 7: Do you know of any additional household carbon reduction measures that could
affect the Cambridge Climate Change Strategy & Action Plan? If so, please provide details.

Measure

Lead Responsibility

Relationship to Climate Change Strategy &
Action Plan

Climate Change

UK Government &

The Act aims to reduce carbon emissions and

and Sustainable

local authorities

fuel poverty through an increase in the

Energy Act

number of microgeneration facilities.

2006
9

Dr Paul Baer & Dr Michael Mastrandrea, Nov 2006, Designing emissions pathways to reduce the
risk of dangerous climate change, IPPR, http://www.ippr.org/publicationsandreports/publication.asp?id=501
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Stamp Duty

UK Government

The policy will result in a stamp duty land tax

Relief for Zero

relief for newly constructed zero-carbon

Carbon Homes

homes at the first point of sale.

Reduced VAT

UK Government

The reduced Value added tax (VAT) for

for Energy

professional installation of certain energy

Saving

saving materials.

Materials
Anglo-Swedish

UK Government and

Joint initiative between UK and Sweden to

Initiative for

Swedish Government

share best practices in sustainable building.

Greener

http://www.ukswedensustainability.org/

Buildings

Question 8: Can you identify any additional household carbon reduction opportunities that
could be included within the Cambridge Climate Change Strategy & Action Plan? If so,
please provide details.

We recognized opportunities to enhance the household carbon reduction measures nested in
some actions in the residential plan. First, Action H1 proposes identifying opportunities in
the Cambridge Local Development Framework (LDF) to require major new developments to
meet Code for Sustainable Homes (CSH) level 3. Due to the UK Energy White Paper’s
proposal that all new developments be zero carbon by 2016, we think a progression of
improving housing standards based on CSH levels should be implemented. CSH levels in
new developments should eventually advance to zero carbon emissions in level 5 and lifetime
zero carbon homes in level 6 via a pathway specified in the Strategy, with timelines for
achievment.

Action H10 proposes initiating and maintaining community programmes on climate change.
We think it would be appropriate to include within this action a Council-led building
convention promoting the use of newly developed energy saving materials and appliances to
generate confidence in their usage among developers. Also, exhibiting successfully built low
and zero carbon houses on various stages of the CSH spectrum could promote expansion of
their construction in the region. Finally, we think that the community climate change
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communications and educational activities need a technical focus on specific aspects of work
and residential life that can be modified to adopt a low carbon lifestyle.

We also think that City Council could better promote Action H15 through a legally binding
system requiring a certain percentage of new emissions associated with expansion to be offset
through quantified carbon reduction activities in the local community. This could generate
some backlash among developers, and so will require a campaign to bring in those developers
and also work with national policy bodies, but we believe it is essential to take advantage of
the planning authority City Council holds to promote sustainable local development. This
could be augmented through an active programme of partnership with appropriate national
authorities to encourage these practices throughout the nation, lessening the risk of
Cambridge having decisions over-turned in London upon appeal.

Although renewables and decentralised energy sources such as Combined Heat and Power
(CHP) facilities are mentioned in household carbon reduction measures, specifically under
the climate change PPS1 supplement and Home Energy Strategy, it would be helpful to see
more clarification in regards to clean energy sources. Detailed plans for tackling emissions in
specific residential sectors, such as investigating the potential for CHPs and ground source
heat pumps, which could minimise the 73% of household emissions that are derived from
space and water heating, will be necessary in the near future.

Question 9: Do you know of any additional workplace carbon reduction measures that could
affect the Cambridge Climate Change Strategy & Action Plan? If so, please provide details.

Measure

Lead Responsibility

Relationship to Climate Change Strategy and
Action Plan

Climate Change

UK Government &

The Act aims to reduce carbon emissions and fuel

and Sustainable

local authorities

poverty through an increase in the number of

Energy Act

microgeneration facilities.

2006
Enhanced

UK Government

Business investments in energy-saving machinery,

Capital

low carbon dioxide emissions cars, natural gas and

Allowances

hydrogen refuelling technology, and water
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(ECA)- Energy

conserving machinery are eligible to have their

Technology List

entire capital cost written off against taxable
profits.

Major PV

UK Government

A £31 million grants budget is available to finance

demonstration

PV small and large-scale PV projects. The grants

programme

cover 55% of eligible costs for public bodies, 50%
of eligible costs for small and medium sized
business, and 40% of eligible costs for large
corporations.

Bio-Energy

UK Government

£66 million in capital grants are available to

Capital Grants

support projects involving the efficient use of

Scheme

biomass for energy. The various wings of the
program focus on electricity and heat production
facilities, advanced energy crop technologies, and
industrial heat produced from biomass. Businesses
in Cambridge interested in investing in small or
large-scale biomass technologies can apply for
federal funding.

Question 10: Can you identify any additional workplace carbon reduction opportunities that
could be included within the Cambridge Climate Change Strategy & Action Plan? If so,
please provide details.

We found more opportunities to expand workplace carbon reductions in some of the
proposed actions. The ‘Buying Green’ program included under the Council’s sustainable
procurement policies needs increased precision in line with EU energy labelling. The
objectives presented in the Cambridge Sustainable Community Strategy are honourable and
correctly demonstrate the direction in which Cambridge needs to proceed. However, the plan
needs much more guidance and community-specific procedures. If Cambridge wishes to
deliver upon the goals highlighted in the Sustainable Community Strategy, action plans
developed around the individual points of each broad objective must be publicised and
integrated into the new LDF. Currently, the Sustainable Community Strategy will have
trouble attaining its targets without further attention to detail, as the decision-makers for
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specific aspects of material and energy flow in Cambridge will find no guidance as to the
actions they are being asked to take. Again, we think it would be useful to specify methods
that workplaces can employ to move to low-carbon energy sources, or at least identify a
programme to make these methods known. While environmental business support services
such as Carbon Trust will help businesses in this area, further leadership in the Climate
Change Strategy to promote proven solutions such as microgeneration and local renewables
will speed the reductions process.

The Cambridge Climate Change Charter, while establishing a community of organisations
with a common goal to reduce CO2 emissions, needs to play a more active role in ensuring
actual carbon reductions occur. Moving beyond discussions of voluntary action, promoting
binding – or at least publicized - targets among members, and providing support for
monitoring energy savings will prepare companies for future climate change legislation. It
would be helpful if the Climate Change Charter set percentage goals for participation among
partners. The Climate Change Charter could also be expanded to promote the establishment
of local EcoSchools, as these are also places of employment.

Other possible workplace measures include the development of Council business ratings to
assess the climate change policies and actions of local entities and reward the best performers
with publicity; and a programme to help businesses create employee carbon reduction
programmes in their homes and transport (i.e. where the employer acts as the stimulus for
changes in the lives of employees).

Question 11: Do you know of any additional road transport carbon reduction measures that
could affect the Cambridge Climate Change Strategy & Action Plan? If so, please provide
details.

Measure

Lead Responsibility

Relationship to Climate Change Strategy and
Action Plan

10 Year
Transport Plan

UK Government

Published in July of 2000, the national 10 Year
Transport Plan implied the use of £181 million of
public and private money to improve the reliability
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and environmental friendliness of various
transportation systems. The government is now
evaluating the plan and developing a new post2015 strategy.
Company Car

UK Government

Tax Reform

In 2002, the UK Government revised the company
car taxes to be carbon based, incentivising the use
of fuel-efficient vehicles. Subsequent additions to
the reform have tightened regulations and required
more low carbon vehicles. It is estimated that this
measure, along with the Vehicle Excise Duty, will
save around 0.65 MtC by 2010.

Biofuels Duty

UK Government

Incentive

Various national budgets since 2002 have cut the
tax for biodiesel by 20 pence per litre until at least
2008-09.

Fuel efficiency

UK Government

labelling
Low Carbon

Most new UK cars now display colour-coded
labels touting their fuel efficiency.

UK Government

The LCTIS designates the key role of government

Transport

to stimulate R&D investment in low carbon

Innovation

transport options. It promotes regulatory

Strategy

frameworks and funding to accelerate the transition
of these technologies to the market.

Question 12: Can you identify any additional road transport carbon reduction opportunities
that could be included within the Cambridge Climate Change Strategy & Action Plan? If so,
please provide details.

In order to encourage the use of local bus services within Cambridge, residents should be
given even greater incentive to ride above the recommended upgrades to bus shelters, and
real time information, mentioned within the Action Plan. Cambridge should follow the lead
of Chapel Hill, NC USA in making all city bus routes free to passengers (through a combined
City-University fund). The following year, Chapel Hill saw a 42% increase in bus patronage
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after implementing the free bus system10. Like Cambridge, Chapel Hill is an expensive place
to live. By making bus transportation free it would enable the town to grow without
encouraging the purchase of more cars. The free bussing would promote the fulfilment of
other measures mentioned within the Action Plan. T6 and T11 goals would be met through
the minimisation of traffic eventually leading to a substantial reduction of congestion that
would exist with continued growth.

The carbon reduction measure T1 aims to reduce single occupancy car commuting and
business mileage by Council staff through the implementation of the Employee Travel Plan.
We feel that the implementation of this measure will be a moderately effective means by
which City Council can reduce their own carbon footprint. With that in mind, City Council
should also encourage individual companies and businesses to generate an Employee Travel
Plan of their own mandating a yearly reduction in single occupancy car commuting as a way
to reduce carbon emissions. City Council should have specified yearly targets for the number
of companies that agree to adopt a Corporate Employee Travel Plan as a way to measure
progress.

As more individuals look to vehicles with alternative fuel sources, having the infrastructure in
place to accommodate these changes will encourage more people to make the switch. As it
is, the Action Plan does not mention this necessary addition to fuelling stations despite its
encouragement of alternative fuel. A more detailed focus on building the infrastructure for
alternative fuels will promote a gradual switch to alternative fuel vehicles once people
recognise the availability and infrastructure in place to accommodate them.

Question 13: Do you know of any additional waste management measures that could affect
the Cambridge Climate Change Strategy & Action Plan? If so, please provide details.

Measure

Lead Responsibility

Relationship to Climate Change Strategy &
Action Plan

Methane to

UK Government with

An international partnership to advance cost-

Markets

23 International

effective, near-term reductions of methane

Partners

emissions.

10

2004 Cambridge Summer Program Report University of North Carolina at Chapel Hill
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Landfill

UK Government

This scheme is aimed at helping waste

Allowance

disposal authorities minimise the amount of

Trading Scheme

biodegradable municipal waste sent to landfill

(LATS)

through tradable landfill allowances.
11

Question 14: Can you identify any additional waste management opportunities that could be
included within the Cambridge Climate Change Strategy & Action Plan? If so, please provide
details.

The local strategies outlined in the Strategy and Action Plan seem to adequately cover
strategies for increasing recycling performance in Cambridge. However, actions promoting
composting to reduce organic waste are missing and could be a useful component of
reduction activities. Also, an interesting idea we encountered in the Woking Energy Strategy,
that is also applicable in Cambridge, is the application of a “polluter should pay” mentality
with respect to commercial waste12. This requires creating a system to separate household
and business waste, and then creating a mechanism to make businesses either pay for the
collection and management of their waste or taxing them based on their waste quantities. At
the same time, effective promotion of corporate waste reduction activities through increased
Council services and awareness is important; however, the economic motivations to reduce
waste under this system seem stronger than in other proposed measures. The money
collected from such a system could be pooled to fund some of the other actions proposed in
the waste management portion of the action plan.

The Climate Change Strategy mentions that much of the methane emitted from landfills in
Cambridgeshire is already captured and used by local industries. Further exploration of
methane capturing possibilities, either to create electricity or to be used in more industrial
processes, seems therefore to be an ineffective method of reducing the Cambridge carbon
footprint. However, initiating a pilot program to evaluate the use of anaerobic digestion of
digestible waste to produce biogas for use in a CHP or as transport fuel would present carbon
reduction possibilities in a number of sectors.

11
12

http://www.iea.org/textbase/pm/
http://www.woking.gov.uk/environment/climate/Greeninitiatives/climatechangestrategy/climatechange
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Question 24: Do you have any additional comments you would like to make regarding the
Cambridge Climate Change Strategy & Action Plan?

Sections 1 and 3 of our critique and analysis of the action plan contain our additional
comments on the Strategy and Action Plan.

4. Analyzing the Mitigation Action Plan

Creating a methodology for analysing the potential benefits and associated costs with the
proposed mitigation actions in the Cambridge Climate Change Strategy and Action Plan is an
essential step towards correctly allocating limited resources. The most cost-effective
measures must be pursued initially to achieve the maximum environmental benefit possible
from the budgeted assets given to the mitigation programme (both for cost-effectiveness and
to build confidence in the community that significant reductions can be made). In order to
create a priority ranking for the 56 mitigation-related proposals in the Action Plan, we
subjectively rated the perceived effectiveness and cost of each measure based on a scale of 13, where 1 represents low, 2 represents medium, and 3 represents high.
Many of the actions begin with phrases such as “Investigate opportunities to…” or “Support
the development of….” In these instances, in our ratings we assumed that the action being
investigated or supported was enacted. In rating effectiveness, we also assumed that although
some actions require much more specificity and technicality to become effective guides to
action, the broad goals given in the action would be completed. For instance, action WP14
says to “Support the delivery of the Cambridge Sustainable Community Strategy climate
change objectives.” The Cambridge Sustainable Community Strategy is in need of a much
more technical approach to its completion; however, in our analysis we assumed WP14
would reach the sustainability goals it outlines. In judging costs, we included costs for the
entire Cambridge community and not simply for the Council government. The costs also
incorporated foreseen future savings and side-costs that would emerge as a result of an
action. We then calculated a ratio of effectiveness/cost, which was multiplied by the
percentage of the Cambridge carbon inventory comprised by the sectors that would be
affected by the proposed action. The proposed actions resulting in higher benefits with lower
costs received a higher weighted priority ratio. Based on this methodology, we ranked the
importance of pursuing each action. The top 10 ranked actions are shown below.
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ID

Ranking

Action

H11

1

Review the Sustainable City project and core funding grants programmes to
improve support for community climate change activities.

H3

T-2

Maintain a programme of seminars and training for Planning and Building
Control Officers and Councillors covering climate change topics.

WP6

T-2

Undertake a training needs analysis of Council officers with respect to the
Cambridge Climate Change Strategy and Action Plan and develop a training
programme as appropriate.

WP14

T-2

Support the delivery of the Cambridge Sustainable Community Strategy
climate change objectives.

H15

T-5

Work with partners to investigate the potential for establishing a scheme to
offset additional carbon emissions from the new development in Cambridge
by undertaking local carbon reduction activities.

WP7

T-5

Identify a director level climate change champion for Cambridge City
Council.

WP8

T-5

Invite a member of staff within each service area of Cambridge City Council
to become a Climate Change champion, with allocated time to promote
climate change objectives within their service.

H2

T-5

Identify opportunities in the development of the Local Development
Framework to implement the climate change PPS1 supplement to increase the
use of renewable and locally generated energy.

HWP12 9

Integrate carbon reduction measures within the commercial property
management functions of the Cambridge City Council.

H1

10

Identify opportunities in the development of Cambridge Local Development
Framework to require major new developments to meet the Code for
Sustainable Homes level 3 standard.

The priority rankings of all 56 items can be found in the appendix that accompanies this
report. In the table above, T stands for “tied” (i.e T-4: Tied-4th place)

The reasoning behind all of our effectiveness and cost judgments is as follows:

WP11- Integrate activities to promote climate change awareness and action within the
Council city centre management functions.
Effectiveness- 1: The range of actions that can be performed within the Council city
centre are minimal and are largely restricted to education and small demonstration
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projects. The largest benefit from the activities will be from the number of individuals
who pass through the city centre each day. These people will take note of the
awareness activities and promote what they viewed either through direct adoption or
word of mouth. However, it must be borne in mind that a past Summer Programme
research (in 2006) indicated that awareness campaigns from City Council were not
effective in their present forms.
Cost- 1: Simply integrating activities with climate change awareness will keep costs
down, requiring only release of staff time and preparation of promotional materials
and demonstration projects. Activities that are already in place should not need much
extra funding in order to be integrated (i.e. use recycled products instead of nonrecycled)

WP13- Publicise existing environmental
business support service (e.g. Carbon Trust)
through the business support and advice
functions of Cambridge City Council.
Effectiveness- 2: Office based

The scores and rankings provided in
this report are not intended to be
adopted by City Council. They instead
represent a methodology that should be
adopted in some form in performing a
similar assessment by City Council
and/or staff.

business activities have the potential to reduce CO2 emissions through the use of
environmental support systems, such as the Carbon Trust. Carbon Trust works with
businesses, including 52 of FTSE’s top 100 companies, to help them reduce their
carbon emissions, and move to more sustainable solutions13. Publicising
environmental business support groups will give companies a means to investigate
new sustainable options in a major component of Cambridge’s overall emissions
inventory.
Cost-1: Environmental support services will work with businesses to explore the most
cost effective means to help reduce their carbon footprint (efficiency). This will lead
to a reduction of energy usage and a direct savings through lower energy bills. They
also offer low-cost consulting services that otherwise would require significant
business investment. Simply collecting and publicising the links to organizations
should involve minimal expense.

13

http://www.carbontrust.co.uk/carbon/PrivateSector
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W4- Publicise existing environmental business support services (e.g. Envirowise, WRAP,
Remade East, East Ex) through the business support and advice functions of Cambridge City
Council.
Effectiveness- 2: Through collaboration with environmental business support
services, companies can minimise the environmental impact of waste generation and
realise the economic and social benefits of resource efficiency. The advertisement of
such businesses will enable companies to have easy access to information. This
allows them to find the most suitable environmental business support service that can
generate ideas that are not only cost effective but manageable as well.
Cost- 1: UK companies, subject to the Landfill Tax Escalator, will pay substantially
more each year if they continue to hold off reducing their waste. The use of
environmental business support services, through the advertisement of Cambridge
City Council, to reduce waste will be cost effective due to the large tax levied in order
to meet the UK’s goals set out in the Landfill Directive14. Furthermore, these support
services will be instrumental in assisting businesses achieve national goals set out in
the Waste Strategy for England 200715. Simply collecting and publicising the links to
organizations should involve minimal expense.

H3- Maintain a programme of seminars and training for Planning and Building Control
Officers and Councillors covering climate change topics.
Effectiveness- 2: The planning and construction phases are crucial for building
sustainable developments. Planning and building control officers must be
knowledgeable about climate change and its causes and solutions in order for them to
aid in the construction of sustainable buildings for the next 100 years. Cambridge is
committed to building 12,500 new homes between 1999 and 2016. However
maintaining seminars and training would result in only moderate CO2 reductions since
most individuals are aware of climate change topics, and market forces generally
drive construction. To be effective, the seminars must inform the officers of rules,
regulations, and green products to both stimulate compliance and make it easier for
developers and builders to obtain construction materials and energy systems that
satisfy mitigation goals..

14
15

http://www.defra.gov.uk/environment/waste/strategy/factsheets/landfilltax.htm
http://www.defra.gov.uk/ENVIRONMENT/waste/strategy/strategy07/pdf/waste07-strategy.pdf
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Cost- 1: Maintaining regular seminars and training would require little funding in
order to provide adequate information about climate change topics, aside from staff
time and development of materials for the seminars. This should be linked to the
former Cambridge Programme for Industry (changing now to a sustainability focus),
drawing on their resources and expertise.

WP7- Identify a director level climate change champion for Cambridge City Council.
Effectiveness- 3: A director-level climate change champion would play an active role
in the major decision making processes of the Council. Appointing a director level
carbon reduction officer is an integral part of ensuring that climate change impacts are
seriously taken into account in proposals from other department directors. Because of
the influence City Council has over several aspects regarding everyday life, a
director-level champion on climate change would ensure all policies, short and long
term, passed would be environmentally sustainable and have minimal impact on
mitigation and adaptation strategies. The establishment of a climate change champion
would not only stimulate the government’s, but the overall city’s, role in CO2
reduction. NOTE: Cambridge already has a Climate Change Officer in Simon
Chubb. He seems to us well poised to take over this expanded responsibility.
Cost- 2: The introduction of a director-level climate change champion would cause
policies and actions to have higher upfront costs, and involve a moderate increase in
staffing costs for City Council, but enable Cambridge to tackle climate change more
effectively, as well as meet long-term CO2 reduction goals.
H5- Improve the energy efficiency standard of all Cambridge homes through implementation
of the Cambridge City Council Home Energy Strategy.
Effectiveness- 3: The Cambridge City Council Home Energy Strategy identifies
energy efficiency goals that could lead to substantial reductions of CO2 associated
with the use of energy in homes. It focuses on improving the Standard Assessment
Procedure rating (SAP) for every home type by at least 2 points annually, beginning
in April 2006. A SAP rating calculates the energy consumption and carbon emissions
for a dwelling and is inversely proportional to the level of CO216. In addition, the plan

16

Cambridge City Council Home Energy Strategy 2006-2011 obtained from Simon Chubb
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highlights an increased use of renewable technology, efficient heating systems, double
glazed windows, and cavity wall insulation for Cambridge homes.
Cost- 2: To increase the energy efficiency standard, considerable funding (5 year total
investment of £305,000) must be in place17. The Energy Efficiency Commitment
must contribute significantly to help fund projects and the position of a Home Energy
Officer. However, while there is a significant initial cost for City Council associated
with this measure, in the long run energy savings will reduce costs for the Cambridge
community.

H6- Extend Cambridge City Council's work programme to improve the energy efficiency of
privately rented housing.
Effectiveness- 2: Extending the scope of Cambridge City Council’s work programme
to improve energy efficiency will aid in the overall CO2 reductions. Roughly 18% of
the Tenured – Households are under the category of privately rented18. Upgrades to
this housing sector will significantly reduce overall emissions for the city, although it
must be borne in mind that this is the most difficult sector to reach because owners are
not occupiers of these buildings, and so do not see the energy cost savings.
Cost- 2: A moderate investment must be made in order to tackle energy efficiency
throughout this sectors housing. Upgrades in pre-1990s homes are not simple,
although there are ones that are both cost effective and durable. These changes could
be funded through the cost savings, with perhaps through some form of revolving
energy fund created for this purpose.

H7- Provide regular energy training and advice for tenants and front-line Cambridge City
Council housing staff.
Effectiveness- 2: Due to large CO2 emissions in the domestic sector, a significant
reduction is possible. Providing regular energy training and advice alone, however,
will only enable tenants to envision changes. Without adequate funding for
improvements, along with training and advice, the most worthwhile upgrades will not
be implemented.

17

see 16
http://www.neighbourhood.statistics.gov.uk/dissemination/LeadTableView.do?a=3&b=276890&c=cambridge
&d=13&e=15&g=425696&i=1001x1003x1004&o=198&m=0&r=1&s=1217148739813&enc=1&dsFamilyId=5
3
18
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Cost- 1: Minimal resources will be needed to run basic educational programmes with
the goal to provide regular energy training and advice to tenants and front-line
Cambridge City Council Housing staff.

H8- Promote Energy Performance Certificates, working with local estate agents where
appropriate, to raise awareness of properties' energy efficiency performance.
Effectiveness- 2: Energy performance certificates (EPCs) rate the environmental
impact through CO2 emissions of a home. All residential homes are required to have
an EPC when they are rented, constructed, or sold out19. Promoting and raising
awareness through EPCs is a sound mechanism to enable residents to make cost
effective improvements on their house based on the recommendations listed in the
EPC. If residents know more about their house’s efficiency and potential cost savings,
they would be more inclined to act and would make wiser choices in the particular
measures adopted..
Cost- 1: Proposals to link EPCs and access to grants for energy efficiency upgrades
will significantly increase the likelihood of individuals having an EPC done on their
house, while also lowering the costs associated with the upgrades. Such a programme
of promoting EPCs can be at minimal expense to City Council – requiring only reassignment of existing staff time – but the cost of obtaining EPCs is moderately high.
However, right now, there are no laws requiring owners to make the recommended
improvements listed in the report.

H9- Inform prospective Council tenants of the energy performance of properties.
Effectiveness- 1: Notifying prospective Council tenants of the energy performance of
properties will not in itself largely influence occupants to make upgrades or
significantly switch attitudes and ideas about daily activities, as expenditures tend to
be driven by short-term capital; outlays rather than long-term performance and cost.
If funding backed each notification, tenants would be more inclined to make the
necessary changes.
Cost- 1: Informing prospective Council tenants will not require significant funding in
order to advertise the energy performance of the property.

19

http://www.homeinformationpacks.gov.uk/consumer/17_Energy_Performance_Certificate.html
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H12- Strengthen partnership working with organizations in Cambridge to deliver the Home
Energy Strategy objectives.
Effectiveness- 3: The Home Energy Strategy outlines objectives that can lead to
significant gains in housing energy efficiency. These goals can only be met by strong
cooperation between the public and private sectors. Government funding, public
A note on costs: Throughout this
review, the costs have been based on
costs to City Council and its
programmes. If City Council is to
also act as a leader in climate change
strategies for the city, a more
complete approach would be to
consider the costs to the city’s
economy as a whole if the
programmes are fully implemented
and the actions taken in all relevant
sectors.

sector ingenuity, and university research will lead to
significant energy advancements for houses under
the Home Energy Strategy. Meeting SAP rating
requirements20 and renewables is feasible with
frequent interaction between the various energy
partners in Cambridge.
Cost- 2: Strengthening partnerships will require
time, investments, and compromises in order to
meet the needs of all organisations involved. Over

time, valuable relationships will be made that will enable Cambridge to meet its
housing energy efficiency goals.

H13- Support the delivery of the Energy Saving Trust 'Green Homes Service' in Cambridge.
Effectiveness- 2: The Energy Saving Trust ‘Green Homes Service’21 will provide
several services to help individuals reduce their impact on the environment. The
support of this programme will allow individuals access to green ideas that they can
implement to save money and the environment. Supporting the delivery of the Green
Homes Service will enable residents to become more informed about making the
necessary changes to their home to increase efficiency. This will be one of many
essential tools that Cambridge must support in order to tackle large domestic CO2
emissions reductions.
Cost- 1: Supporting the delivery of a potentially effective (through energy efficiency),
yet small-scale programme will not require much capital investment in order to make
it available for individuals of Cambridge. However, it is not clear that the programme
can be run solely from existing staff, especially if a large percentage of the Cambridge
population is to be reached.

20
21

see 16
http://www.energysavingtrust.org.uk/help_and_support/green_homes_service
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T7- Support the start up and development of car clubs within car parks and on street.
Effectiveness- 1: Based on a 2006 study done by UNC-CH students, car clubs
represent an inadequate means to limit CO2. Several start up factors including
number of members and the number of previous car owners, dictate whether clubs
will actually reduce rather than increase CO2. Based on the number of people who
drive to work aged 16-74 (18,441)22 significant cuts in CO2 emissions seem unlikely
since at least 1,000 members, who own cars, are needed to attain a small 0.14%
reduction in overall emissions23.
Cost- 2: Car Clubs including WhizzGo, City Car Club, Streetcar, and Zipcar all
charge membership fees and fees depending on how long and when you rent out the
vehicle24. Individuals in Cambridge have easy access to train and bus stations, which
can replace long car rides at a fraction of the cost. They also have most amenities
within walking or biking distance which is why becoming a car club member adds
unnecessary costs to one’s yearly budget. Costs to City Council, however, should be
only moderate, requiring only consideration of infrastructure such as parking spaces.

T8- Introduce charging facilities for electric vehicles in car parks.
Effectiveness- 3: Introducing charging facilities for electric vehicles in car parks will
have several advantages. Charging facilities will encourage individuals to invest in
such vehicles. Emphasising simple incentives to encourage individuals to purchase
these vehicles will significantly aid in the lowering of emissions from cars (by up to
70.46%25). However, until electricity is produced from renewables sources or a
decarbonized grid, this option is only useful for future reductions.
Cost- 2: Accelerating the introduction of electric vehicles by placing charging
facilities in car parks will be a cost effective way to stress the need to move away
from fossil fuels without having City Council make large purchases for the cars
themselves. Purchasing charging facilities establishes support for a market that makes
it convenient for individuals to make the change from gas to electric while simply
bearing the cost of a moderate investment towards the future. Costs can be estimated
from those incurred in London.
22

http://www.neighbourhood.statistics.gov.uk/dissemination/LeadTableView.do?a=3&b=276890&c=cambridge
&d=13&e=15&g=425696&i=1001x1003x1004&o=198&m=0&r=1&s=1216970574375&enc=1&dsFamilyId=2
83
23
2006 University of North Carolina- Chapel Hill Cambridge Summer Program Report
24
http://www.carplus.org.uk/carclubs/cost-benefits.htm
25
see 22
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T10- Investigate extending emissions based banding of parking charges to resident permits.
Effectiveness- 2: Emissions-based banding of parking charges to resident permits is
an effective way to reduce CO2 emissions while encouraging individuals to invest in
hybrids or smaller vehicles. Higher charges associated with emissions based banding
is another incentive for individuals to pass on large SUVs and other vehicles with
large engines. Emissions-based banding works twofold by increasing Council
revenue, (which can be used to combat large CO2 emitters or to fund low carbon
projects), and increasing the appeal of many low emissions based vehicles. However,
it must be borne in mind that individuals who can afford the larger vehicles often are
quite elastic in absorbing the increased costs of permits (hence the rating of 2 rather
than 3).
Cost- 1: This policy places additional costs onto polluters who will in turn rethink the
way they drive, and the car they own. Simply investigating its extension will not
require much funding, but if enacted it will encourage efficient transportation and
other sustainable travel options at minimal cost.

H1- Identify opportunities in the development of the Cambridge Local Development
Framework to require major new developments to meet the Code for Sustainable Homes
level 3 standard.
Effectiveness- 3: Requiring major new developments to meet Code for Sustainable
Homes level 3 would generate significant reductions within the growth in the
domestic sector of Cambridge’s carbon footprint (at least for per capita emissions). It
would also generate a trickle down effect for new sustainable design ideas and
innovations. With the projected population of 143,100 by 2021, thousands of new
homes must be built. If these homes required a level 3 standard, significant benefits
would be made not only in energy and CO2, but also in health, materials, waste, water,
and pollution.
Cost- 1: Council involvement is crucial in order to move past simple identification of
opportunities for Code for Sustainable Homes level 3. Individual conviction alone
will not foster the growth towards more sustainable development. The cost of
investigating and performing simple case studies is low, but any laws requiring a level
3 standard will make housing more expensive even as it makes it more efficient.
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H2- Identify opportunities in the development of the Local Development Framework to
implement the climate change PPS1 supplement to increase the use of renewable and locally
generated energy.
Effectiveness- 3: The use of locally generated energy and renewable sources will
make substantial gains towards carbon reduction and energy security (see the end of
this report). The PPS1 supplement strongly encourages the development of renewable
energy as a means to address the causes of climate change and to minimise the need to
consume new resources. The PPS1 states that regional planning bodies should: set
regional targets for renewable energy in line with PPS22 and ensure their ambition
fully reflects opportunities in the region and are consistent with the Government’s
national target for 10 per cent of electricity to come from renewable sources by
201026. An increase in the use of locally sustainable and renewable energy resources
will go far beyond a reduction of carbon-intensive energy options. Identifying and
acting on the opportunities will enable Cambridge to initiate decarbonising its energy
supply, which will be a necessary step if the city is to achieve 90% per capita
reductions by 2050.
Cost- 2: Merely identifying an opportunity would not warrant such high values.
However, for Cambridge to move away from high carbon electricity sources, it would
require significant investments by the local government and local partners in energy
generation, as well as initially higher energy costs passed on to the consumer. It is
anticipated that the cost can be supported in large part by investors, which si why this
Cost value is a 2 rather than a 3.

H4- Co-ordinate delivery of an exemplar sustainable development on City Council owned
land at Clay Farm.
Effectiveness- 3: The master plan of Clay Farm takes into account several important
design aspects that can lead to a sustainable community. It incorporates energy
efficiency, urban drainage, and ample biking and walking routes to minimize
emissions from transport. In order to make the community as sustainable as possible,
all ideas must be proposed during City Council’s coordinated efforts to deliver the
most efficient and cost effective development possible. The community would then
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www.communities.gov.uk/documents/planningandbuilding/pdf/153119.pdf
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serve as a testing bed for low carbon technologies in building construction for
Cambridge and the region.
Cost- 3: The delivery of such a large development (2,300 mixed use housing27) will
require significant funding, with a public-private partnership.

H15- Work with partners to investigate the potential for establishing a scheme to offset
additional carbon emissions from the new development in Cambridge by undertaking local
carbon reduction activities.
Effectiveness- 3: Investigating the potential for establishing a scheme to offset CO2
emissions will be an essential first step towards reducing the carbon emissions
associated with expansion. Meeting the goals proposed in the UK Energy White
Paper of having zero carbon expansion in place by 2016 will be challenging, and
identifying local opportunities to reduce emissions related to growth is therefore
imperative. However, the plan would be more effective if reductions in the larger
region were considered, rather than only in Cambridge itself.
Cost- 2: Implementing new carbon reduction activities in order to offset emissions
from new development will come at a significant cost, but who is to pay for these is
not specified at present. Simply working with partners to research a scheme for
offsetting these emissions will go a long way in finding suitable technologies that
Cambridge can implement to solve long-term growth-related problems, but putting
that scheme into effect will be challenging. It may also prove necessary to build the
costs of the offsets into new construction, a move that is likely to be both unpopular
amongst developers, add to the cost of new homes and may require tax incentives
from City Council.

T6- Minimise traffic generation and promote public transport, cycling and walking through
the development of the Cambridge Local Development Framework.
Effectiveness- 3: The Local Development Framework outlines the City Council’s
aims on development and land use. The incorporation of policies that aim to reduce
traffic, promote public transportation, cycling, and walking will have significant
impacts regarding transport-related CO2 emissions. There are 20,268 individuals aged
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16-74 who drive or are passengers in a car or van commuting to work28. With the
adoption of these policies and the support of sufficient funding, enforcement, and
timetables, this strategy has the potential to generate substantial reductions throughout
the transport sector.
Cost- 2: Promoting and implementing specific carbon reduction measures through the
transport sector will require adequate funding to make bike and walking more feasible
and attractive.

T9- Support improvements to local bus services, including bus shelters and real time
information, with operators and partners.
Effectiveness- 2: The Transport Services Service Plan for 2003/0429 emphasises
many of the same updates this action is set to produce. Under the community access
and public transport section, the document highlights procurement and monitoring of
improved bus services, and mentions the upgrade of bus shelters on a yearly basis. All
these propositions are aimed to increase the number of individuals who use public
transport (bus), as it is well established that a major factor in bus use is reliability of
bus service and location of bus stops in relation to homes and/or travel destinations. In
addition, real time information on current bus position and schedule makes riding the
bus more acceptable through reductions in the amount of time one waits. What is not
yet clear is whether bus ridership has already increased to its maximal level and is
simply resource-limited, or has captured all people who are willing to ride a bus under
any circumstances.
Cost- 2: Shelters are not in general expensive to construct. However, a dedicated realtime information system will be of higher cost, although this could in part be offset by
linking it to construction of a city-wide internet capability.

T11- Work with partners in Cambridgeshire to deliver the Local Transport Plan targets for
tackling congestion and increasing use of public transport, cycling, and walking.
Effectiveness- 3: The Cambridgeshire Local Transport Plan (LTP) aims to achieve
two transport goals: widen choice for transport users and manage demand for
transport. Through these goals set out in the LTP, City Council can make significant
28

http://www.neighbourhood.statistics.gov.uk/dissemination/LeadTableView.do?a=3&b=276890&c=cambridge
&d=13&e=15&g=425696&i=1001x1003x1004&o=198&m=0&r=1&s=1216970574375&enc=1&dsFamilyId=2
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http://www.cambridge.gov.uk/public/bvpp/2004/service_plans/pdfs/transportservices.pdf
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progress toward tackling congestion, and increasing the use of public transport,
cycling, and walking. The most effective way to meet the targets set by the action
would be to select Scenario 2 – Intensive public transport improvements (plus low
key walking and cycling improvements) which indicated a 1.3% increase in public
transport modal share30.
Cost- 2: Implementing the LTP and its aims to tackle congestion and increase the use
of public transport, cycling, and walking would require funding not just from County
Council, but the national government. These targets have the ability to be met, and
significantly improve the public transportation in the county, but require continuing
and substantial support and funding. Since much of the funding may come from
outside City Council budget, this score is assigned a value of 2 rather than 3

T14- Support the design of a Cambridgeshire Long Term Transport Strategy and its
associated measures which deliver carbon reductions in line with the Cambridge Climate
Change Strategy and Action Plan.
Effectiveness- 3: The Cambridgeshire Long Term Transport Strategy (LTTS) outlines
several measures within Cambridge which emphasise carbon reduction. The
measures, which are further broken down into implementation strategies, include
smarter choices, walking & cycling, public transport, demand management, and
highway improvements31. Efficient implementation of these measures through the
support and design of the LTTS, tailored to the city of Cambridge, can lead to
increased usage of public transport and other efficient modes of transportation which
will deliver carbon reductions in line with the Cambridge Climate Change Strategy
and Action Plan.
Cost- 2: In order to carry out the Transport Strategy, substantial transportation
improvements must be made. Coupling transportation and infrastructure upgrades
with carbon reduction, demands that Cambridgeshire focus significant assets in order
to make both feasible. Again, since much of the funding may come from outside City
Council budget, this score is assigned a value of 2 rather than 3
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http://www.cambridgeshire.gov.uk/transport/strategies/local/ltp_2006.htm
http://www.cambridgeshire.gov.uk/NR/rdonlyres/4682B998-13E1-4C7F-A6150F697560A1BC/0/FLTP0611A1.pdf
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W2- Identify opportunities in the development of the Cambridge Local Development
Framework to further promote waste minimisation and recycling.
Effectiveness- 2: Promoting waste minimisation and recycling can make moderate
impacts in the domestic and industrial/commercial sectors. On average, individuals
living in the UK generated 512 kg of rubbish in 2005-0632. Of the 512 kg, 135 kg was
recycled or composted while the rest ended up in a landfill. These high values
represent significant opportunities to further reduce waste and increase recycling in
Cambridge and throughout England.
Cost- 2: 46,953 tonnes of waste was produced in Cambridge in 2005-06. Of this,
only 35% was recycled33. Substantial progress can be made to further promote waste
minimisation and recycling in an inexpensive manner, however there will be costs to
City Council due to the increased pick-up frequency..

WP10- Review the City Council sustainable procurement policies and guidance to further
promote carbon reduction and climate change risk management.
Effectiveness- 2: Reviewing City Council’s sustainable procurement policies will not
only influence others within Cambridge to follow suit, but move Cambridge toward
more sustainable environmental and social objectives. Emphasising Green public
procurement (GPP) will not only reduce CO2 emissions but also make Cambridge a
healthy and vibrant city.
Cost- 1: City Council has the ability to lead the city towards green procurement
practices. Many perceive that green products cost more than conventional goods.
However, when these products are ordered in mass quantities and available locally,
price is often comparable to industry norms. City Council can begin to generate a
market for these products, giving individuals a green option as opposed to always
purchasing the traditional, carbon intensive alternative.

WP2- Aim to increase resources for energy management within Council buildings to EST
benchmark standards.
Effectiveness- 2: An increase in resources for energy management to EST benchmark
standards within Council buildings will enable City Council to make moderate
impacts on carbon reduction and energy efficiency. EST has laid out sustainability
32
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standards that if met, can lead to further reductions throughout the city through the
actions initiated by City Council.
Cost- 2: Sustainable energy management practices will optimise Council buildings to
be run efficiently. While initial capital outlay will be significant, the initial
investments will be partially offset by the energy savings, albeit with 5 years or more
of payback.

WP5- Property and Business Services- Introduce automated energy monitoring in selected
Council buildings.
Effectiveness- 2: Energy monitoring within selected Council buildings will enable
supervisors to make necessary corrections and upgrades in energy efficiency which
would otherwise be overlooked. After installation, managers can make cost effective
changes to buildings focusing on carbon reduction and efficiency. Energy savings on
the order of 10% can be achieved through such monitoring, especially if sub-metering
is included.
Cost- 2: Introducing automated energy-monitoring devices will require significant
upfront costs. Over time the devices should pay for themselves through energy
efficient changes, not just in technology, but also in user behaviour.

WP9- Property and Building Services- Undertake energy assessments and introduce Display
Energy Certificates at required Council buildings.
Effectiveness rating- 2: Displaying energy certificates based on energy assessments
performed on Council buildings will allow Council members to view exactly where
easy energy savings can be achieved. While energy certificates and an energy
assessment go beyond a typical awareness campaign in specificity, they only raise
awareness regarding opportunities for savings and do not actually implement
solutions; hence an Effectiveness score of 2 rather than 3.
Cost rating- 2: The cost of performing an energy assessment and creating energy
certificates for specified Council buildings should be moderate, especially with help
from the Energy Savings Trust or Carbon Trust. This magnitude of cost is
anticipated because the Council already receives energy bills for the property and
Council buildings comprise a small portion of the total buildings in Cambridge. The
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UK Office of the Deputy Prime Minister estimated that energy certificates would only
cost approximately £50 per building34.

WP12- Property and Building Services- Integrate carbon reduction measures within the
commercial property management functions of the Cambridge City Council.
Effectiveness rating- 3: This measure has the potential to be very effective given that
City Council has the opportunity to use their planning authority to influence decisions
of businesses, which comprise the largest portion of Cambridge’s carbon emissions
(40.7%). However, more specific plans are needed to achieve real reductions.
Cost rating- 1: While the costs of integrating climate change into commercial
planning authority decisions are low for City Council, businesses will incur marginal
costs if they are forced to adopt more stringent regulations or change their location
plans. Howvere, costs to City Council should be minimal.

T1- Staff Travel Plan Steering Group- Reduce single occupancy car commuting and business
mileage by Council staff through implementation of the Employee Travel Plan.
Effectiveness rating- 2: The Employee Travel Plan has the potential to provide
moderate savings from the Council’s carbon footprint, albeit very small reduction in
the overall city’s emissions. Surveys from the 2007 Travel for Work Survey Report
for City Council revealed that 38% of staff drive alone and that only 7% of staff
carpool to work35.
Cost rating- 1: Implementing the Employee Travel Plan will cost nothing and simply
involve a change in lifestyle habits for City Council members, unless the City Council
decides to encourage such a mode shift through provision of free bus passes, bicycles,
etc.

T2- Staff Travel Plan Steering Group- Apply for corporate membership of a local car club
scheme.
Effectiveness rating- 1: As shown in the 2006 UNC-CH report, car clubs have a
minimal to non-existent effect on the carbon emissions of the town of Cambridge.
With a membership of 1000 citizens (around the size of the entire Council staff), car
clubs would only reduce overall emissions by 0.14% and at least 45% of the club
34
35

http://www.dsdni.gov.uk/epc_final.pdf
2007 Travel for Work Survey Report for City Council
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members must previously be private car owners for the plan to provide actual carbon
reductions36.
Cost rating- 2: Joining a car club can be moderately costly, even under a corporate
membership plan. Using information from City Car Club in Norwich, a corporate
membership would cost £25 per person and £4.21 for each hour spent driving in a
standard vehicle37. Cost to City Council will be in providing dedicated Infrastructure
for such a club.

WP14- Strategy and Partnerships- Support the delivery of the Cambridge Sustainable
Community Strategy climate change objectives.
Effectiveness rating- 3: Achieving the progressive objectives set forth in the
Sustainable Community Strategy will be challenging, but if they actually are satisfied,
Cambridge will have done its part to properly mitigate carbon dioxide emissions.
However, a much more specific, technical approach to reaching the goals will be
necessary to see significant progress.
Cost rating- 3: Significant investment, both in public and private sectors, will be
necessary to build the low carbon infrastructure needed to complete the Sustainable
Community Strategy.

W9- Street Services- Undertake a pilot project assessing the use of street recycling bins.
Effectiveness rating- 2: Introducing street recycling bins has the potential to
encourage those who are not in their residence to recycle materials they otherwise
would dispose of in the garbage. The true effectiveness of a program will be better
forecast by the pilot project, but having more convenient recycling facilities should
promote moderate savings through increased recycling.
Cost rating- 2: Assuming a successful pilot project, the installation of street recycling
bins across Cambridge and the associated collection services would require a
moderate amount of funding.

H10- Sustainable City- Maintain a community programme of climate change
communications and education activities.

36
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Effectiveness rating- 1: While increases in community awareness regarding climate
change are important to stimulate local support for the Sustainable City objectives and
the Climate Change Strategy, similar awareness and pledge programs have shown
relatively low carbon reductions. An example is the CRed program in East Anglia,
which has posted around 3% carbon reductions through their awareness and pledging
activities.
Cost rating- 1: Compared with infrastructural or technological changes, community
educational and awareness programs should cost relatively little and can be run
through the current Sustainability Office of City Council.

H11- Sustainable City- Review the Sustainable City project and core funding grants
programmes to improve support for community climate change activities.
Effectiveness rating- 3: More resources will open opportunities for greater public
participation in programmes that support the proposals set forth in the Climate
Change Strategy and Action Plan, along with Sustainable City’s pre-existing carbon
reduction programs.
Cost rating- 1: The cost of simply reviewing the Sustainable City program to make it
more effective will be low, although there will be a need for increased funding from
City Council for the actual programmes initiated. An important change might be to
require matching funding from outside partners (outside City Council) for any
programmes funded, both reducing the contribution from City Council and
stimulating partnerships.

H14- Sustainable City- Support the development of a Cambridge focused element to the EST
'Save your 20%' campaign.
Effectiveness rating- 2: As mentioned earlier, voluntary pledge programs similar to
the EST ‘Save your 20%’ campaign usually provide minimal carbon emissions
reductions beyond those of a few percent of committed individuals and businesses.
But when linked to resource programmes, they can be more effective.
Cost rating- 1: Although pledge programs are not always the most effective manner
of delivering energy savings, they usually require little investment outside of
substantial publicity and perhaps web support.
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WP1- Sustainable City- Approach the Carbon Trust to discuss participation in Phase 7 of the
Local Authority Carbon Management Programme to develop a carbon reduction programme
for the Cambridge City Council.
Effectiveness rating- 2: The previous six stages of the Carbon Trust Local Authority
Carbon Management Programme have been effective in aiding local authorities to set
forth achievable goals for carbon reductions and in dividing sectors which present the
most potential. However, it appears that Cambridge has already set many of the goals
that would be present in a Phase 7 carbon reduction programme for City Council.
Cost rating- 2: Many of the emissions reductions opportunities within City Council
will require significant initial investment, even if they may present long-term
payback. However, this programme is confined to City Council and thus will not
require the level of investment that a community-wide reductions programme would.

WP3- Sustainable City- Establish a corporate Climate Change Fund to finance carbon
reduction and climate risk management actions within the Council.
Effectiveness rating- 2: Beginning a Climate Change Fund financed by community
corporate partners is an effective way to increases resources for the various carbon
reduction programmes within City Council. However, it seems questionable whether
or not this money would be more effective if it stayed in the business sector and was
alternatively invested in private mitigation strategies. Note: It is not clear here how a
programme of this kind is corporate and yet finances programmes within City
Council. That must be clarified.
Cost rating- 2: Depending on the financial commitment required of industry to
support the Climate Change Fund, the costs of this initiative will vary. However, it
seems that substantial contributions will be required from the business community to
support a meaningful Council reductions programme.

WP4- Sustainable City- Conduct a climate change impact assessment of all Council budget
bids and savings.
Effectiveness rating- 2: The involvement of climate change considerations in every
Council budget bid and savings is imperative to truly tackling emissions problems in
the city. If climate change effects are involved in every financial decision made by
the Council, it will become a part of typical decision-making procedure for Council
members of all committees. This process would presumably be overseen by the
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Climate Change Director mentioned earlier, but only if that Director had powers
equivalent to those of other division directors.
Cost rating- 2: If climate change risks impact assessments are performed and truly
weighed in every Council decision, moderate costs will emerge. The impact
assessments will require significant input from independent parties to assure
reliability, especially if the costs are dependent on outside market forces. However,
the assessments may also present opportunities for savings.

WP6- Sustainable City- Undertake a training needs analysis of Council officers with respect
to the Cambridge Climate Change Strategy and Action Plan and develop a training
programme as appropriate.
Effectiveness rating- 2: Training Council officers in implementing the Climate
Change Strategy and Action Plan will increase the effectiveness of their leadership in
the various departments implicated in the plan. These training sessions must be
technically focused to provide specific instructions for compliance with the document,
and an awareness of the daily decisions that must be taken by parties in control of
material and energy processes in the municipal government and outside partners.
Cost rating- 1: Training sessions of Council officers are solely educational
programmes and should not require significant monetary funding, aside from the staff
required to develop and conduct the training, and perhaps outside consultants to assist
in this.

WP8- Sustainable City- Invite a member of staff within each service area of Cambridge City
Council to become a Climate Change Champion, with allocated time to promote climate
change objectives within their service.
Effectiveness rating- 3: Along with appointing a director-level Climate Change
champion in City Council, this action is a pivotal step towards making consideration
of climate change a step in every decision-making procedure.
Cost rating- 2: While appointing Climate Change champions in every department of
City Council requires a negligible amount of funding, the time lost that these staff
members alternatively spend on climate change issues, along with increased costs due
to programs integrating climate change into their departments would likely be
moderate. The hope is that the resulting actions produce long-term savings in energy
and the emerging carbon market.
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WP15- Sustainable City- Encourage, support, and communicate climate change action by
businesses, schools, and other organisations via the Cambridge Climate Change Charter
initiative.
Effectiveness rating- 2: While a mechanism such as the Climate Change Charter is
necessary to promote climate change mitigation in the business and education sectors
of the city, a more technical approach for participants should be pursued, either
through the charter or another local initiative. Also, a monitoring process to ensure
A note on waste reduction: While waste
reduction is desirable from the standpoint
of reduced load on landfills, and can
reduce carbon dioxide and methane
emissions as food in the waste rots
(although this is offset partially by
composting, which also produces
emissions), it is not immediately evident
how this is related to a climate change
mitigation strategy for Cambridge. The
most obvious effect is that recycling
reduces the need to create new materials
from raw stock, thereby reducing the
embodied energy and carbon of materials
consumed in Cambridge. This will in turn
reduce emissions from the global industrial
system. But this will not affect any of the
measures of emissions currently being
attributed to Cambridge in the emissions
inventories. Some thought needs to go into
how – or if - waste reduction is to be
counted within the carbon emissions
strategies for Cambridge

participants reach their carbon reduction
goals would produce better results. The
charter has succeeded in involving the
community in carbon reduction activities,
but to be completely effective it needs a
more involved approach with specific
projects undertaken collectively by the
partners and monitored for success.
Cost rating- 1: While a technical,
monitored approach to the Climate Change
Charter might involve moderate resources,
the current, voluntary approach simply
involves coordination with the local entities
included in the charter at minimal cost (other
than the time of Sustainability staff).

T12- Sustainable City- Promote sustainable
travel activities and services in Cambridge, including the EST's free Green Fleet advice
service, County Council travel plans, and cycling facilities.
Effectiveness rating- 3: Promoting low carbon and no carbon travel activities such as
bus use and cycling is a useful means by which Cambridge can lower its carbon
footprint. However, more concrete plans will be needed to ensure that this idea is
delivered.
Cost rating- 2: Implementing the services necessary to promote more sustainable
travel options in Cambridge and the surrounding area, such as more accessible buses
and cycle-friendly areas will require at least a moderate investment in infrastructure.
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W1- Sustainable City- Co-ordinate delivery of the Corporate Waste Reduction Action Plan.
Effectiveness rating- 1: While the Corporate Waste Reduction Action Plan is still
being developed, and so it is not possible to determine the extent of its programme,
extension of waste reduction strategies to corporations and businesses through the city
could be a significant route to waste reduction.
Cost rating- 2: Reducing waste for corporations requires a two-fold approach. First,
businesses should change their practices to promote sustainable approaches to doing
work that, in many cases, can result in cost savings. However, reducing corporate
waste also involves extending municipal waste collection and recycling services so
that these sustainable approaches are easy to introduce. These costs will be moderate.

T13- Taxi Licensing- Investigate with partners the ability for Cambridge City Council to
introduce CO2 vehicle emissions standards in respect of its Taxi Licensing functions.
Effectiveness rating- 1: The City of Cambridge currently has 164 private hire and
284 hackney carriages licensed to operate, along with a nearly equivalent amount
licensed by the South Cambs District Council that also work in the city limits38.
Assuming CO2 emissions standards would only apply to the taxis licensed by the city,
these 448 licensed vehicles only account for only 1.1% of the 40,121 cars and vans in
Cambridge39.
Cost rating- 2: Introducing CO2 emissions standards in taxis would impose costs on
taxi drivers to retrofit or replace their automobiles, as well as cause higher costs for
the city to inspect and regulate the vehicles.

T3- Waste & Fleet Management- Apply to the Energy Saving Trust for a Green Fleet Review
to develop a carbon reduction programme for the Council's vehicle fleet.
Effectiveness rating- 2: The Council fleet is not a significant portion of the city’s
carbon footprint (although it is a significant fraction of the municipal government’s
footprint). A Green Fleet Review from EST would help the Council to identify the
best method of reducing this portion of its environmental impact.

38

e-mail from Deb Jones, Assistant Taxi Licensing Officer, Cambridge City Council
http://www.neighbourhood.statistics.gov.uk/dissemination/LeadTableView.do?a=3&b=276890&c=cambridge
&d=13&e=15&g=425696&i=1001x1003x1004&o=198&m=0&r=1&s=1216989185046&enc=1&dsFamilyId=5
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Cost rating- 1: Cambridge currently has a fleet of 170, including 32 large goods
vehicles and 60 vehicles running on Liquid Petroleum Gas. This leaves 138 small
vehicles and 32 large ones. According to the 2006 National Transport Survey, the
average annual business mileage for 4-wheeled cars was 1,040 (20 miles/week)40.
Using the Energy Savings Trust Green Fleet online calculator41, which does not
permit using exact figures, similar figures to those for Cambridge returned potential
savings of £1636. These figures are likely high because Cambridge has already
invested in 60 LPG vehicles; however, the opportunity for further savings is still
present.

T4- Waste & Fleet Management- Introduce a digital web-based tracking system for Council
vehicles to more effectively monitor and control fuel efficiency.
Effectiveness rating- 2: Installing a web-based tracking system for Council vehicles
will allow Council officers to manage fleet vehicles more efficiently and identify
opportunities for travel savings.
Cost rating- 2: Setting up the equipment necessary to track all 170 Council vehicles
digitally will initially require a moderate amount of funding.

T5- Waste & Fleet Management- Conduct a trial use of biodiesel in Council refuse collection
vehicles and an electric powered van.
Effectiveness rating- 2: Trial uses of biodiesel and electric powered vehicles in
Cambridge could help move forward a vehicle fleet carbon reduction programme.
Depending on the blend of biodiesel used and the magnitude of the trial, the
effectiveness of this action could vary. Although moving away from petroleum
powered vehicles will be necessary, until the grid is decarbonised, an electric van
would still cause significant carbon emissions (simply displacing these to other
regions).
Cost rating- 1: Using high blend biodiesel fuels instead of petroleum diesel will
cause slightly higher fuel prices, at least initially, and purchasing an electric van will
likely carry high costs. However, the Council would not have to retrofit any of its
diesel vehicles to use biodiesel, making the conversion more feasible. And the cost of
biodiesel is rapidly being surpassed by the rising cost of petrol and normal diesel.
40
41
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W5- Waste & Fleet Management- Introduce in-cab monitoring for household & commercial
collections to improve real time communication between the Customer Access Centre and
refuse collection vehicles, reducing wasted journeys and improving information to customers.
Effectiveness rating- 2: Minimising wasted journeys is an easy way to increase
efficiency in the Council fleet. In-cab monitoring systems will improve this objective,
but will not generate sizable savings.
Cost rating- 2: Installing the equipment to run an in-cab monitoring system to
monitor waste collection vehicles in real-time will require moderate funding, time
spent supervising the cabs to use the system being installed, and extra maintenance.
Note: W5 is better understood as a Transport measure rather than a waste measure.

W8- Waste & Fleet Management- Expand commercial recycling collections.
Effectiveness rating- 2: Hopefully, expanding commercial recycling collections will
be included in the Corporate Waste Reduction Plan. Again, industry plays a large role
in carbon emissions from Cambridge, so accordingly reducing their waste through
more recycling services should cause moderate reductions in emissions and landfill
usage..
Cost rating- 2: Enlarging recycling services to include more businesses will involve
investment of a moderate amount of resources to cover the construction of new
facilities and more collections.
Note: W8 is better understood as a Transport measure rather than a waste measure.

W3- Waste & Fleet Management- Implement Cambridge elements of the Joint Municipal
Waste Management Strategy to reduce the amount of waste sent to landfill.
Effectiveness rating- 3: The Joint Municipal Waste Management Strategy, which is
still under development with partners in the Cambridgeshire area, should promote a
significant reduction in waste being sent to landfill. If the goals set forth in the new
version of this strategy are as ambitious as the last one, which proposed 36% waste
reductions from 2002-2006, the plan should be quite effective.
Cost rating- 3: Although the Joint Municipal Waste Management Strategy should be
very effective if achieved, cost increases for three other county areas in England
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(West Sussex, North Yorkshire, and Kent) for similar programs in the same time
frame ranged from 40-58%.42

W6- Waste & Fleet Management- Investigate opportunities for expanding the range of
materials collected by doorstep recycling, such as textiles.
Effectiveness rating- 2: Slightly expanding the types of materials available for
residential recycling is a moderately effective way to reduce waste.
Cost rating- 2: Enlarging the materials collected from doorstep recycling will likely
include the development of more recycling facilities to process the new waste being
processed, and greater number of trips by recycling vehicles.

W7- Waste & Fleet Management- Extend the roll out of recycling to flats including Council
owned flats covering at least 25 blocks and increase recycling.
Effectiveness rating- 1: While this is a necessary step to promote recycling in
Council property, Council owned flats only comprise 17.1% of housing for
Cambridge residents43.
Cost rating- 1: This action will not entail much funding because it will simply
require more bins to be installed and a moderate increase in the trips by the recycling
fleet to collect from Council housing.

W10- Waste & Fleet Management- Upgrade selected community recycling points and expand
the number of recycling points for batteries.
Effectiveness rating- 1: Simply upgrading recycling points is a very limited activity
and it is hard to foresee increased recycling as a result. Also, battery recycling is one
specific and small type of waste and will not contribute to large overall reduction in
volume, nor to carbon dioxide emissions reduction.
Cost rating- 2: Upgrading recycling points in the community will require a moderate
amount of resources, especially if these points are common throughout Cambridge.
Increased recycling of batteries may also require more facilities to process them.
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W11- Waste & Fleet Management- Integrate climate change messages within City Council
waste minimisation promotion activities.
Effectiveness rating- 1: Adding climate change awareness in the City Council with
respect to waste will not necessarily result in significantly lower amounts of waste in
Council buildings. As referenced earlier, pledge and awareness-based programs
usually show limited results. Council waste also accounts for a small fraction of the
total waste in Cambridge and would have little impact on the overall quantity of waste
sent to landfill.
Cost rating- 1: Awareness campaigns usually only require publicity and don’t
necessitate buying major equipment or changing infrastructure.

W12- Waste & Fleet Management- Work with RECAP to assess the climate change impacts
of current waste management activities and develop targets and actions to reduce them.
Effectiveness rating- 2: As shown in the beginning of the Climate Change Strategy
and Action Plan, a clear carbon inventory of Cambridge’s waste is not yet available,
which is a necessary step to gauge and plan reductions. Working with RECAP should
promote ambitious waste reduction goals similar to those envisioned in the former
Joint Municipal Waste Management Strategy.
Cost rating- 2: Creating a detailed climate change inventory for Cambridge’s waste
services and landfill contributions will take a moderate amount of time, and achieving
any waste reductions targets will be relatively costly considering the waste
minimisation steps Cambridge has already taken.

5. Conclusions

The Cambridge Climate Change Strategy and Action Plan is a comprehensive document that
sets out the city’s main goals towards the mitigation of climate change and the associated
consequences while also generating a framework for considering action. The City Council is
to be applauded for taking these first steps, and for envisioning these steps as a partnership
with sectors throughout the city. Still, despite its promising objective and general strategies,
highlighted by a 90% per capita reduction by 2050, the document lacks several main
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components that are necessary for the plan to move from concept to effective policy and
action.

Any climate change strategy should be built around efficiently targeting sectors with high
carbon emission levels. Currently, the carbon footprint being analysed as a basis for cutting
Cambridge emissions is too generic to present a specific idea of where cuts should be
focused. Subdividing the three main categories and enacting policies based on the relative
importance of each emission sector is a crucial step towards coordinating a cost-effective
action plan. Based on this
presumption, it is important that
the City Council roles of
partnership and influencing be
separated to avoid confusion and
then given priority over council
management and service delivery
based on their relative
significance as a way to reduce
emissions city-wide. The
Council must specify how new
partnerships will be fostered and
establish a more supportive and binding mechanism to promote results. The Council must
also pursue a more active use of planning authority and economic motivation to influence
community decision makers. Six specific aspects of such a plan are shown in the figure
below..

Another necessity missing from the Climate Change Strategy and Action Plan is a
quantitative methodology for assessing the cost-effectiveness of every proposed action. The
correct distribution of the limited resources allotted to carbon reduction programmes is
necessary so that the largest and most feasible mitigations can be achieved initially. Under
the current consultation document, City Council will have trouble differentiating between
items with limited applications and those with high potential. To analyse the mitigationoriented actions presented in the Action Plan, we developed a weighting system to rank the
significance of each measure based on the perceived effectiveness, costs, and carbon
inventory sectors affected. As expected, we found that actions with implications across all
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sectors had the greatest potential for cost effective reductions; however, our analysis falls
short in that our effectiveness and cost ratings are subjective judgments. Obtaining more
quantitative measures associated with each action will require revision of a number of the
strategies to make them more detailed as to specific material and energy flows affected, and
ensure that quantified carbon reductions and accurate cost estimations can be made. While
not all proposals can be quantified, by incorporating more detailed policies City Council can
better assess the utility of each measure.

The document lacks guidance for enacting policy regarding renewables and other clean
energy sources. Currently only one action within the strategy mentions the implementation
of sustainable energy. The Climate Change Strategy and Action Plan is overly focused on
energy efficiency measures. While energy efficiency is important, it has historically been
more than offset by increased development, resulting in a rise in carbon dioxide emissions
even as efficiency increases. Cambridge needs to assume an active role in securing its energy
future in order to have a realistic shot at achieving its carbon reduction goals. Energy
efficiency will only get a city so far when trying to meet the demand of carbon reduction
while experiencing substantial growth. Now is the time for Cambridge to act towards the
development of clean energy sources, and grid decarbonisation, so future reductions
measures will not be jeopardised. The technology is available for Cambridge to see
substantial reductions in carbon emissions as a result of renewable investment. The Climate
Change Strategy and Action Plan needs emphasis and timetables regarding the effective
implementation of commercially proven low carbon energy options, and then there must be a
coordinated effort between the Council, business, developers and the Colleges (which own
land on which the energy sources could be located).
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An Assessment of Potential EcoCity
Renewable Energy Technology Market Impacts
Lead Authors: Brian Smyser and Meaghan Jennison

1. Ecotown Overview: Definition, Requirements, and UK Plans

Britain recognizes the unique situation that lies on the horizon. As a nation, housing demand
is rapidly surpassing housing supply. This situation will likely intensify as the population
ages and people increasingly live alone. At the same time, environmental protection is one of
the most pressing issues of modern times. And indeed, housing is responsible for over a
quarter of Britain’s total carbon emissions. It would seem that development and
environmentalism are at odds with one another, but the British government believes that it
can innovatively embark upon a programme to simultaneously increase housing and to
protect the environment.
The innovative program is that of ecotowns, or EcoCities. Dubbed Britain’s response to both
climate change and to development demands, ecotowns will help Britain move into the 21st
century as a pioneer in sustainable living. Ecotowns will be zero carbon, sustainable
developments that provide high quality, affordable housing that meets the most stringent of
environmental standards. The Department of Communities and Local Government, under
Prime Minister Gordon Brown, aims to establish ten ecotowns throughout Great Britain by
the year 2020, contributing to Britain’s overall goal of establishing 3 million new homes by
that year.

There are currently 15 proposed ecotown developments under consideration by the British
government. The list includes: Leeds City Region, Rossington, Manby, Rushcliffe,
Curborough, Pennbury (Stoughton), Coltishall, Middle Quinton, Marston, Hanley Grange,
Weston Otmoor, NE Elsenham, Bordon-Whitehill, Ford, and St. Austell (China Clay). Thus,
the geographical distribution of the ecotowns will span a majority of the regions of the UK.
Each prospectus will be comprehensively reviewed by a multitude of stakeholders, including
local citizens, local authorities, Regional Development Agencies, DEFRA, DfT, the
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Environment Agency, Natural England, Highways Agency, and English Heritage, to ensure
the plans’ long-term sustainability.

The criteria for ecotowns are quite particular. Ecotowns must be new settlements of between
5,000 and 20,000 homes. Of those homes, between 30 and 50 percent must be ‘affordable,’
spanning a range of tenures with an emphasis on large family homes. The development must
be multi-use and comprehensive in its intrinsic amenities, such as schools, retail centres,
business space, and recreational facilities. Finally, ecotowns must include a management
body that will coordinate and support community interactions and manage facilities.

Environmental sustainability criteria for ecotowns are even more particular. Primarily,
ecotowns must be zero carbon, i.e. have no net carbon emissions from all energy uses in the
home. That is, the amount of energy the town pulls from the national grid must be less than
or equal to the amount the town puts back into the grid from renewable technologies.

For all sustainable development considerations other than energy, developers will follow the
guidelines of the Building Research Establishment (BRE): the Code for Sustainable Homes
(CSH) for the residential sector, and BRE Environmental Assessment Method (BREEAM)
for the non-residential sector. The specific areas of consideration include design, transport,
community, jobs, health, and land use. Developers should be striving for a CSH level 6 in
their ecotown planning. Ecotowns must also be exemplary in at least one area of
environmental sustainability.

The majority of investment in ecotowns will need to come from the private sector. Such
investment will primarily be environmental technologies that will serve to make the
development zero carbon. The Department of Communities and Local Government’s
ecotowns prospectus indeed specifies intensive application of environmental technologies,
resource efficiency, and high standards of environmental design as desired outcomes from the
ecotown scheme. With upwards of 50,000, perhaps even 200,000, new sustainable homes
being built in the next decade, the market for sustainable environmental technologies will
boom.

For further detailed information on ecotown developments, please see the Department of
Communities and Local Government’s Ecotown Prospectus.
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2. BRE: The Code for Sustainable Homes and BREEAM
Britain’s sustainable development policies were born of the Building Research
Establishment’s guidelines. BRE is an extensive programme of environmental assessment
methods (BREEAM) that rates buildings’ sustainability on a scale of ‘pass’ to ‘excellent.’ In
the past, BREEAM has set the standard for environmental assessment in the UK for all
building construction. Its EcoHomes standards applied to residential building, and its
breeam:industrial, breeam:offices, breeam:retail, etc. applied to non-residential building.
However, effective from May 2008, the government’s own Code for Sustainable Homes is
mandatory for all new residential construction. CSH effectively replaces BRE’s EcoHomes
standards; nonetheless, BRE will continue to supervise the implementation of CSH under a
contract with the Department of Communities and Local Government. BREEAM and CSH
will henceforth operate in conjunction with one another, with BREEAM applying to the nonresidential and CSH applying to the residential.

CSH

The CSH assesses homes across nine categories of environmental impact: energy and CO2
emissions, water, use of materials, surface water run-off, waste, pollution, health and wellbeing, management, and ecology. Homes are rated on a scale of 1 to 6, with 6 being the
highest.

Each category is divided into issues, to which the code assigns requirements and point values
for achievement of each requirement. Issues for each category are as follows:


Energy and CO2 emissions: dwelling emission rate, building fabric, internal lighting,
drying space, energy labelled white goods, external lighting, low or zero carbon
technologies, cycle storage, and home office.



Water: indoor water use and external water use.



Materials: environmental impact of materials, responsible sourcing of materials for
basic building elements, and responsible sourcing of materials for finishing elements.



Surface water run-off: management of surface water runoff from developments, and
flood risk.
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Waste: storage of non-recyclable waste ad recyclable household waste, construction
waste management, and composting.



Pollution: global warming potential of insulants, and NOx emissions.



Health and well-being: daylighting, sound insulation, private space, and lifetime
homes.



Management: home user guide, considerate constructors scheme, construction site
impacts, and security.



Ecology: ecological value of site, ecological enhancement, protection of ecological
features, change in ecological value of site, and building footprint.

There are mandatory minimum performance requirements for certain issues considered to be
of greatst importance. For these issues, the requirements must be met in order for a
development to be considered for any rating level. Single mandatory performance
requirements apply for environmental impacts of materials, management of surface water
run-off, storage of non-recyclable waste and recyclable waste, and construction site waste
management. Two issues have ratcheted mandatory performance requirements associated
with each level, meaning that the issues are increasingly prominent considerations with each
rating level. These issues are dwelling emission rate and indoor water use. Finally, the issue
of lifetime homes carries a mandatory requirement for all CSH Level 6 developments.

Though CSH is based on EcoHomes, it differs in some key ways that effectively raise the
standards on residential construction. There are minimum standards for dwellings to even
achieve the lowest CSH rating. Additionally, CSH assesses dwellings at both the design and
post-construction phases, and assesses individual homes, not just blocks of homes.

3. Leadership in Energy and Environmental Design (LEED)

Though BREEAM and CSH will be the primary guiding assessment programmes in use by
EcoCity developers in the UK, LEED will play a prominent role in designs in other countries,
including the burgeoning Middle East market. Very similar to BRE’s building assessment
programs, Leadership in Energy and Environmental Design is the sustainable building
assessment program of the United States Green Building Council. LEED has become a
worldwide standard for green building practices. Buildings are rated based on a points
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system and can achieve levels of increasing performance from Certification to Silver, Gold,
and Platinum. LEED divides the components of buildings into five basic categories with an
additional category for innovative green building practices in the Innovation and Design
category. Site Selection, Water Efficiency, Energy and Atmosphere, Indoor Environmental
Quality, and Materials and Resources set various standards for improvements in
environmental quality resulting from building construction and operation practices. LEED
has a number of versions dependent upon the type of development seeking to utilize
sustainable building practices. LEED for New Construction and Major Renovations is the
most common LEED version used, but others include LEED for Existing Buildings, LEED
for Homes, LEED for Schools, LEED for Core and Shell, LEED for Commercial Interiors,
LEED for Retail, and LEED for Neighborhood Development.

LEED serves as an internationally recognized standard for green building and offers
professional accreditation to those in the building industry with skills in green building
techniques. Though it is not an official requirement for Britain’s EcoCity programme, LEED
may be a source of practical advice to sustainable developers, and is an effective means of
promoting and encouraging green building practices throughout the world. In conjunction
with BREEAM and Code for Sustainable Homes, green building programs such as LEED
offer direction and recommendations that could potentially be very useful in the development
of EcoCities. Additionally, building certifications as green buildings help to publicize a
development programme and encourage further use of green building strategies in
development projects.

4. International Precedents

EcoCities are not exclusive to the United Kingdom. Precedents for environmentally and
socially sustainable developments exist worldwide. There are a few exemplary international
ecotowns in existence that 1) illustrate the current real-world successes of sustainable
development, 2) demonstrate the market potential for sustainable technologies in such
developments, and 3) highlight the place for sustainable development in the United Kingdom.
Britain’s ecotown scheme was inspired by two of the leading international ecotowns:
Hammarby Sjöstad in Stockholm, Sweden and Vauban in Freiburg, Germany.
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Hammarby Sjöstad

Hammarby Sjöstad is built on a former brownfield site around Hammarby Lake, just outside
of the city of Stockholm, Sweden. Conceived of in the early 1990s and set to be completed
by 2015, Hammarby will include 9,000 apartments for a 20,000 person population. It will
bring an additional 10,000 people within its city each day for work. The site location and
development choices for Hammarby were strategic to expand Stockholm proper, invest in
waterfront potential, and transform a neglected industrial area into vibrant living and working
space.

Hammarby Sjöstad succeeds in combining the traditional with the cutting edge. Its design
follows traditional urban Swedish design principles, echoing the layout and land use
characteristics of the inner city of Stockholm. A primary goal was to create a new ‘inner
city’ district complete with high density development and a diversity of shops and services.
Transportation design aids the success of the inner city district. Streets are narrow save a
main artery that connects main transportation modes. A tram system provides convenient
public transportation, and additionally connects to the Stockholm underground system. New
bus routes serve the area, as does a ferry route.

Environmental goals are at the core of the Hammarby development. Goals relate to energy,
waste, and water and sewage. In terms of energy, the town will use renewable fuels, biogas
products, and waste heat to power its buildings, aiming to have emissions 50% lower than
developments dating from the early 1990s. Heating primarily will source from combustible
household waste, and from warm purified waste water which will then be used a third time as
a cooling agent. A large portion of the residences are also equipped with biogas cookers
fuelled by the biogas produced by the occupants, lowering electricity consumption by over
20%. In terms of waste, Hammarby’s waste management plan reduces waste transport in the
town via use of an automated underground pneumonic system. Food waste is composted,
combustible waste is used for heating and electricity, and recyclables are repurposed. In
terms of water and sewage, Hammarby tries to mimic a natural cycle. Waste water is used
for heating and cooling. The sludge waste from the treated water is both used to create
biogas for cookers and automobile fuel, and is used as a fertilizer. In addition to these goals,
green spaces are abundant around the city and are incorporated into commercial design.
Jointly, Hammarby implements the latest in sustainable technology and modern architecture
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principles to minimize energy use. Glass is a primary material, maximizing light exposure,
and spaces are fluid in purpose. Hammarby even has a Glass House environmental education
centre providing environmental resources to residents and visitors.

Finally, Hammarby Sjöstad is not simply a dichotomy of residential and commercial spaces.
Rather, it is a complete sustainable community with restaurants, a church, government and
private schools, a doctor’s practice, a library, a leisure centre, and sports fields. It is also
unique in its affordable housing provision, currently boasting a proportion between rented
and owned apartments of 40:60.
For more information on Hammarby Sjöstad, please visit the town’s website at
www.hammarbysjostad.se, or the Stockholm site at www.stockholm.se/hammarbysjostad.

Vauban

Vauban is located in southern Freiburg, Germany on a former French barracks site. With
planning begun in 1993, the town was completed in 2006, with over 5,000 inhabitants and
600 jobs. The town was designed in conjunction with the city of Freiburg and its own citizen
NGO, “Forum Vauban e.V.” The project’s primary goal was to create a comprehensively
sustainable community that was conceived of in a participatory, inclusive manner. Vauban
was to meet environmental, social, economic, and cultural requirements in order to become a
complete sustainable environment.

Vauban set standards in the three areas: energy, traffic/mobility, and building and
participation/social interaction/public spaces. Objectives included balance of working and
living areas, balance of social groups, preferential allocation to private builders and cooperative building projects, integration of green spaces, priority to ecologically-friendly
transport modes, implementation of a co-generation plant and short-distance heating system,
low energy standards for buildings, use of ecological building material and solar energy,
rainwater harvesting, and inclusion of comprehensive lifestyle amenities. Vauban succeeded
on all these fronts, even exceeding many of their original objectives, primarily via private
investment, private builders, and private non-commercial and commercial initiatives.
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Now completed, Vauban has set new standards in the areas of energy, traffic/public transport,
building, water, participation/social interaction/public spaces, and public dialogue. The first
four sets of standards contain the predominant environmental objectives. In terms of energy,
Vauban has a mandatory improved low energy standard. Buildings are almost twice as
energy efficient as houses built between 1995 and 2000, and almost four times as efficient as
older homes. There is a block of ‘passive’ energy houses that meet their energy requirements
via thermal mass, passive-solar gains, and a heat recuperation system. One section of these
homes are now ‘plus’ energy houses which produce more energy than they consume; plans
are in the pipeline to construct additional plus energy homes in the future. Vauban actively
uses its wood chip-operated co-generation plant to supply energy to the district’s heating grid.

Finally, Vauban is estimated to be one of the largest solar districts in the world, actively using
over 450 m2 of solar panels. In terms of traffic and public transport, ‘car-free living’ is the
objective, with numerous incentives for those without cars. The city layout strategically
provides for a ‘district of short distances’ complete with all of life’s basic amenities. Vauban
is also connected via bus to the Freiburg city centre and to the rail station, and a tram-line is
planned. In terms of building, the town development was predicated on a joint building
process with high private sector and citizen co-operative involvement. There are numerous
regulations to ecological building that have been and will be implemented in Vauban. They
include green roofs, tree conservation and planting, rainwater infiltration, and ecological and
locally-produced energy-extensive building material. In terms of water, Vauban is exemplary
in its rainwater infiltration design. Over 80% of the residential area includes the rainwater
infiltration system. Vauban also has a pilot project for an ecological sewage system,
complete with a biogas plant, with hopes of wide-scale implementation in the future.

Vauban can boast significant measurable environmental achievements as a result of its
sustainable design. Energy savings are at 28 GJ per year. With regards to emissions, CO2e
emissions are reduced by 2100 tons per year, and SO2e emissions are reduced by 4 tons per
year. Finally, Vauban has had mineral resources savings of 1600 tons per year.
For more information about Vauban, please visit the town’s website at www.vauban.de.
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5. EcoCity Application in the UK

As mentioned, there will be ten ecotowns constructed within the United Kingdom by the year
2020, selected from the fifteen sites currently under consideration. Though each town will
have to meet the requirements set out by the DCLG, each development must also meet the
unique demands and needs of its own region. For that reason, each proposed development
must be carefully evaluated for its sustainable potential within the context of its location. Site
choice is indeed one of the most important considerations of long-term sustainability and will
likely be a predominant factor in determining the final ten ecotowns.

The best applicable technologies to achieve zero carbon will differ for each ecotown. For
example, in the proposed Hanley Grange EcoCity in South Cambridgeshire, East of England,
there will be a great demand for technologies addressing water issues. Water quality impacts,
water supply, drainage, and environmental protection are significant considerations in light of
the nearby vulnerable River Cam. Similar unique requirements are associated with each
ecotown proposal. That said, the market demand for sustainable technologies will increase
significantly when an ecotown site is chosen. Such demand will provide an unprecedented
opportunity for providers of those technologies to fill a market gap.

6. Potential EcoCity Technologies

The following section presents overviews of a number of technologies and building
construction and maintenance strategies that will potentially prove usual and effective in
developing low-carbon, low-waste EcoCities in England. The energy profiles of England’s
EcoCities are likely to include combinations of different technologies, dependent on regional
renewable resources and the planned community design. The technologies and strategies in
this section are examined for their merits and potential implementation in England. The
analyses suggest ways that these technologies and strategies might contribute toward
England’s goals for its EcoCity program. The discussions of energy technologies offer a
view on the present state of that technology in the United Kingdom and how the market for
clean technologies might be affected as a result of integration of that technology into
EcoCities. The following technologies and building strategies are among those that should be
considered during EcoCity design and planning:
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Wind Power



Photovoltaic Systems



Wave Power Systems



Tidal Stream Power Systems



Ground-source Heat Pumps



Building Management Systems



Commissioning of Building Systems



Efficient Building Envelopes



Efficient HVAC&R Systems

Wind Power

Wind power serves as a means of converting energy from the wind into electricity for use in
buildings. Wind turbines can be installed both onshore and offshore for energy production.
Wind turns the blades of a turbine which, in turn, operates a generator that produces
electricity to be transmitted to a community. It is a popular clean energy option in regions
with significant winds. “Most wind turbines start generating electricity at wind speeds of
around 3-4 metres per second (m/s), (8 miles per hour); generate maximum ‘rated’ power at
around 15 m/s (30mph); and shut down to prevent storm damage at 25 m/s or above
(50mph)1.” Offshore sites frequently serve as appropriate locations for the successful
implementation of turbines because of the high speeds associated with ocean winds.

Turbines vary in scale, with larger turbines capable of producing between 2 and 5 MW. The
ability of a turbine to produce power is primarily dependent upon three factors: wind speed,
wind availability, and turbine arrangement. The electric power produced by a turbine is a
function of the cube of the wind velocity1. Therefore, the electricity produced by a turbine
increases significantly with increasing wind speed. Wind speeds increase with altitude,
making taller turbines most appealing because of their increased potential for electricity
production. Wind availability indicates the fraction of time the wind is blowing sufficiently
to produce power. The layout of the turbines in a wind farm also affects turbine capacity as
the turbines themselves affect wind patterns through a wind farm and hence the wind speeds
available to other turbines.
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Because wind speeds are not always ideal for power production, innovations are needed to
supply electricity during calm periods. One such innovation is pumping and storing water in
a tower at times of overproduction by turbines. During calm periods, water is run back down
through turbine generators for electric power production. Effective energy strategies in
developments that incorporate wind turbines would likely also utilize other renewable energy
sources to provide electricity during non-operational times for wind turbines.

Figure 1. A power/wind speed curve (PV) of a 2 MW wind turbine with optimal efficiency – that is without
noise reduction measures that usually result in reduced energy generation. Courtesy of
RenewableEnergyWorld.com5

About 550 homes are supplied with electricity for each megawatt power produced2. Wind
power has both economic and environmental benefits that make it an intriguing renewable
energy source in EcoCites. Onshore wind power has the benefit of leading to economic
investment in rural areas that are typically less prosperous than urban and suburban
communities. These communities would benefit through the increased investment in
infrastructure along with an influx of jobs associated with turbine installation, operation and
maintenance. Wind power, per kilowatt-hour produced, provides 66% more jobs than natural
gas power production and 27% more jobs than coal power production3. Wind power is also a
low carbon energy source, and therefore appealing for developments, like EcoCities, striving
for small carbon footprints.

Another consideration for wind turbines is the area required for each turbine to operate.
According to the National Renewable Energy Lab, “the "footprint," which is typically
between 0.25 and 0.50 acres per turbine, does not include the 5-10 turbine diameters of
spacing required between wind turbines. Because of this spacing, the area included within the
perimeter of the wind farm will be larger. However, it is important to note that the land
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between the turbines - minus the "footprint" area - is still usable for its original purpose4.” A
2MW wind turbine with a blade area of 0.5 acres requires 0.5 acres of land surrounding the
turbine site4. In dense communities, ten development units per acre are typical. One turbine
with the above specifications would require the land for 5 residential units to be installed
within such a community.

The development of EcoCities in England will help to contribute to the market for wind
power, wind power technologies, and wind power jobs. Along with providing jobs for
community residents and offering local access to energy supplies, a significant market for
innovation and construction of turbines would potentially be established. For an EcoCity
with plans for 10,000 new homes, wind farms amounting to approximately 18MW of
generation capacity would need to be constructed and operated in order to fully power the
community. Since England has plans for ten EcoCities, a market for 180MW of wind power
production would potentially develop, accompanying the construction of 100,000 new
homes. This 180MW addition of wind power to the national grid would be only a minor
contribution to the approximately 2500MW of wind power already operational in the United
Kingdom, causing a 7% growth in the wind energy market1. While not a large market growth
compared to some technologies, wind power for EcoCities would contribute to their
sustainability and towards a low-carbon England. The integration of wind power into
planned developments would also serve as models for future developments that seek to
combine economic wellbeing with environmental and social concerns. As many EcoCities
and similarly designed developments are integrated into England, the market for wind farms
will continue to grow, particularly in coastal regions, like those near the North Sea and along
the western coast of England, with access to high speed ocean winds.

Companies in England with Specialties in Wind Power:


British Wind Energy Association – www.bwea.com



Wind Prospect - http://www.windprospect.com/index.html



E.ON Energy - http://eon-uk.com/generation/wind.aspx



Airtricity - http://www.airtricity.com/england/



Infinergy - http://www.infinergy.co.uk/



BP Alternative Energy - http://www.bp.com/



Centrica Energy - http://www.centrica.co.uk/
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npower renewables - http://www.npower-renewables.com/homepage/index.asp

Sources


1

British Wind Energy Association.

http://www.bwea.com/pdf/briefings/technology05_small.pdf


2

E.ON Energy.



3

Renewable Northwest Project referencing jobs figures from “Wind Energy for Rural

Economic Development”, US Department of Energy, EERE (2003)


4

National Renewable Energy Lab



5

RenewableEnergyWorld.com

Photovoltaic Systems

Photovoltaic systems serve as means of collecting solar energy for immediate use onsite.
Photovoltaic cells are currently a subject of significant research in attempts to offer higher
efficiency conversion of solar energy to electric energy. Efforts are being made to imitate
photosynthetic processes in plants to achieve high energy efficiency in solar panels.
Particularly in areas of high incident solar radiation, solar panels serve as an effective means
of obtaining electrical energy. The use of solar panels will be increasingly more effective as
the energy efficiency of photovoltaic cells increases over time.

As the efficiency of solar panels continues to increase, photovoltaic systems will become an
increasingly attractive and inexpensive means of obtaining renewable energy and minimizing
carbon footprints of developments. Solar panels have significant environmental benefits in
that they have significantly lower lifecycle carbon emissions than fossil fuel based energy
sources1. Many nations have financial incentives in place to support the expansion of
photovoltaic systems as a means of powering buildings. The Low Carbon Buildings
Programme of the United Kingdom’s Department for Business Enterprise and Regulatory
Reform offers a “maximum of £2,000 per kW of installed capacity, subject to an overall
maximum of £2,500 or 50% of the relevant eligible costs, whichever is the lower2.”

With widespread use of photovoltaic systems in England as a result of the construction of
EcoCities, a large market would be created for conventional solar panels and building
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integrated photovoltaics. Innovation and progress toward higher efficiency PV cells would
additionally be encouraged by the development of a large market for solar panel research,
production, installation, and maintenance.
The present capacity of solar panels in the United Kingdom is 9.9 MW3. As displayed in the
calculations below, the construction of ten EcoCities, as proposed, would vastly expand the
market for solar energy. The following scenario displays a situation in which all incident
solar radiation could be captured and converted to electric energy.
Average solar incidence in England :150Wm 2
Available solar energy : (150Wm - 2 )(8760h)/(1000)  1314kWhm - 2 per year
Average Household in England : 3.0 persons
per capita energy demand in England at any one time : 0.6kW
per capita energy demand in England : (0.6kW)(8760h/y)  5,260kWh per year
Average household energy demand : (3.0 persons)(5,260kWh)  15,800kWh per year
Average household power demand : (15,800kWh)/(8760h)  1.8kW

EcoCity size :10,000 residences
EcoCity energy demand : (10,000 homes)(15,800kWh)  1.6  108 kWh per year
EcoCity power demand : (10,000 homes)(1.8kW)  18M W
Area needed to capture demanded energy : (1.6  108 kWh)/(1314 kWhm - 2 )  1.22  105 m 2

An EcoCity would demand 18MW of power production for its energy to be supplied by solar
energy. This is nearly twice the present generation capacity from solar energy in the United
Kingdom as a whole. If ten EcoCities were to be constructed, as is planned by the British
government, a demand for 180MW of generating capacity would be established. At over 18
times the present solar generation capacity, the construction of EcoCities would present a
significant opportunity for growth in the solar panel and solar energy generation markets.

Presently, the average efficiency of a solar panel is approximately 12%. This presents a
potentially significant obstacle to powering cities with solar energy due to the additional
demand for energy infrastructure and necessary solar panel area. The following calculations
display a scenario in which the panelling is 12% efficient.
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Average solar incidence in England :150Wm 2
Available solar energy : (150Wm -2 )(8760h)/(1000)  1314kWhm -2 per year
Solar panel efficiency :12%
Available energy for electricit y production : (1314kWhm -2 )(0.12)  158kWhm -2
Average Household in England : 3.0 persons
per capita energy demand in England at any one time : 0.6kW
per capita energy demand in England : (0.6kW)(8760h/y)  5,260kWh per year
Average household energy demand : (3.0 persons)(5,260kWh)  15,800kWh per year
Average household power demand : (15,800kWh)/(8760h)  1.8kW
EcoCity size :10,000 residences
EcoCity energy demand : (10,000 homes)(15,800kWh)  1.6  108 kWh per year
EcoCity power demand : (10,000 homes)(1.8kW)  18M W per year
Area needed to capture demanded energy : (1.6  108 kWh)/(158k Whm - 2 )  1.01  106 m 2

Powering an EcoCity entirely with solar energy likely would encounter some planning
obstacles as significant space would be required for solar panels. To power an EcoCity of
10,000 residential units, 1.01  106 m2 , or about 100ha, would need to be covered by solar
panels. This area is over one-quarter of the area of the planned 375 ha Hanley Grange
EcoCity.

Companies in England with Specialties in Photovoltaics:


North Energy - http://www.northenergy.co.uk/index.php



Suntap Solar Panels - http://www.suntap-solar-panels.co.uk/index.html



Viridian Solar - http://www.viridiansolar.co.uk/



HelioDynamics - http://www.heliodynamics.com/

Sources:


1

Alsema, EA, et al. Environmental Impacts of PV Electricity Generation. 2006.



2

Low Carbon Buildings Programme. Department for Business Enterprise and

Regulatory Reform.


3

BERR. http://www.berr.gov.uk/
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Wave Power Systems

Wave power systems serve as means of capturing energy from the motion of the ocean and
converting it to electricity for use in buildings. In coastal areas, wave power is a renewable
energy resource that can provide significant amounts of energy. “It has been estimated that
marine renewables could meet 15 to 20% of current UK electricity demand, the bulk of that
contributed by wave power1.” The coastal regions of England have much potential to utilize
wave energy resources. Successful implementation of wave power energy systems could
contribute significantly to a low carbon, energy efficient community.

Ocean Prospect, which is working with E.ON Energy on a wave power project near St. Ives,
England, estimates, “The 5.25 MW project will supply electricity for approximately 3,000
homes and prevent around 11,000 tonnes of carbon dioxide emissions every year1.” Wave
power is reliable when sited properly, but location is crucial for successful implementation.
It is most feasible in coastal regions with high wind speeds (whose shearing forces increase
wave intensity), often between the latitudes 40 and 60 degrees, making Great Britain a prime
location for harnessing wave power2. The power contained within a wave is affected by both
the period of a wave and the square of a wave’s amplitude:

where, a = Wave amplitude (m) 2

The coastal regions of western Great Britain are particularly attractive and have received
much attention from wave farm developers. These parts of the country exhibit larger wave
amplitudes, offering increased potential for wave energy capture.
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Wave heights around the British Isles2

When near regions being developed as EcoCities, wave power has the potential to contribute
significantly toward low-carbon communities. Additionally, the expansion of wave power
necessary to achieve zero carbon housing has the potential to dramatically increase the
market for research, design, construction, and operation of such facilities. Since ten
EcoCities are planned throughout England, it is likely that 100,000 new homes will be built.
Such an expansion of housing could create a demand for more than 30 new 5 MW wave
power facilities to provide for the energy demands of England’s EcoCities. This new market
would be particularly beneficial in encouraging the movement towards clean energy
technologies.

The current power production in England as a result of wave technologies is 0.5MW. With
an estimated demand for 180 MW, associated with the construction of 10 EcoCities with
10,000 residences each, the market for wave power could grow dramatically, particularly if
EcoCities are located in coastal regions with high potentials for wave energy capture.

Companies in England with Specialties in Wave Power Systems:


Ocean Prospect - http://www.windprospect.com/OceanProspect.htm
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E.ON Energy - http://eon-uk.com/generation/wave.aspx



Wavegen - http://www.wavegen.co.uk/index.html



Pelamis Wave Power - http://www.pelamiswave.com/



Renewable Energy Holdings - http://www.reh-plc.com/

Sources:


1

E.ON Energy. http://eon-uk.com/generation/wave.aspx.



2

University of Strathclyde, Glasgow, Scotland. Renewables in Scotland: Wave Power.

Tidal Stream Power Systems

Tidal stream power systems utilize technology similar to wind turbines to capture energy in
streams with high currents as a result of changing tides. Tides are highly predictable, making
underwater turbines an effective and reliable means of renewable energy production. The use
of a turbine for power production rather than a dam provides for low-impact hydroelectric
power, minimizing disturbance of the ecological environment at the location of power
generation.
Tidal stream power’s potential as a viable energy source is dependent on the geographic
features surrounding a development. It is, however, a source to be considered because of its
reliability and low environmental impact. If developments were located in areas with
significant water flow rates or tidal changes, a large market for tidal stream power could be
created around EcoCities in England. Turbines are most effective at producing electricity
when located centrally within a stream channel. “The shaft power is the product of torque
applied to the rotor (τ) and the speed of rotation (ω), (Ps = τ ω), and is expressed as a fraction
of the tidal stream power flux by the coefficient of performance or power coefficient (Cp)1.”
The relationship between power production and current speed is displayed in the following
plot.
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Power vs. Current Speed for a Tidal Stream Power System

1

The profile of the stream affects the ideal location for underwater tidal stream turbines. A
high speed current has a flattened profile, with high speeds distributed nearly from edge to
edge of the current. A lower speed current has a more parabolic profile shape with highest
speed at the middle of the curve1. The following two diagrams display flow profiles for
varying stream velocities and cross-sectional velocity profiles.

Tidal stream profiles of flow velocity at varying speeds

1

73

Varying stream velocities over a cross-sectional area of a stream. Black regions
1

indicate the highest velocity, while white is indicative of the slowest velocity .

The strength of currents produced by tides is another factor that affects the ability to generate
electricity from tidal currents. Currents vary consistently in a one month cycle. The pattern
follows a sinusoidal model and displays maximum current velocities at the mean spring peak
velocity and minimum current velocities at the mean neap peak velocity.

Changing current speeds over a one month period from tidal effects

1

The power produced by a turbine in a current can be determined from the relationship
between the turbine’s coefficient of performance (power coefficient) and a turbine blade’s tip
speed ratio. The tip speed ratio is “the linear speed of the blade tips (vt) divided by the freestream velocity, (

= vt/ vfs) 1.” The following plot displays the relationship between the
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power coefficient and the tip speed ratio. The plot indicates that maximum power is captured
by a turbine when high power coefficients are coupled with tip speed ratios between 5 and 6.

The relationship between the power coefficient and the tip speed ratio of a tidal turbine

1

A potential problem that requires consideration for tidal power projects is water level.
Turbines must be below mean low water levels to operate efficiently. This has the potential
to become a problem as climate patterns become more erratic and droughts more frequent.
Tidal power turbines are most often situated at depths below 40m for optimal power
production2, and so are restricted largely to coastal locations.
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Plot of mean available tidal power surrounding the British Isles 2

In conjunction with England’s EcoCity projects, tidal power has the potential to serve as an
effective, low-carbon energy source for EcoCity, particularly those with significant tidal
changes. The current capacity of all hydro sources in the United Kingdom (almost entirely
from hydroelectric facilities in rivers) is about 1500 MW. Each EcoCity is likely to require
about 18MW to power 10,000 residential units. Since a total capacity of 180 MW may
potentially be required by EcoCities throughout England, hydroelecrtric energy technology
markets have potential for about 12% market growth.

The current capacity includes other forms of hydroelectric, so the market for low disturbance
hydroenergy would be expanded beyond 12% through power production from tidal stream
turbines and other low disturbance hydro energy sources. E.ON Energy and Lunar Energy
are together working on an 8MW tidal project off the west coast of Great Britain. Each
EcoCity planning to be powered by such means would require at least two similarly scaled
projects, providing considerable investment and market development into tidal energy power
production.
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Companies in England with Specialties in Tidal Power:


Lunar Energy - http://www.lunarenergy.co.uk/index.htm



E.ON Energy - http://eon-uk.com/generation/tidal.aspx



Carbon Trust – http://www.carbontrust.co.uk



Marine Current Turbines - http://www.marineturbines.com/

Sources:


1

Carbon Trust - http://www.carbontrust.co.uk/technology/



2

Sustainable Development Commission. www.sd-commission.org.uk.

Ground Source Heat Pumps

Ground source heat pumps involve the use of fluid-filled pipes that extract from or supply
deep earth heat to a building’s interior as a result of temperature gradients. Ground source
heat pumps can reduce the demand for gird power, and even provide an offset to grid energy
demand through a renewable and clean energy supply of thermal energy. The pumps serve
the purpose of providing for thermal comfort rather than for actual electrical power, but by
doing so they offset power needs that would be otherwise handled by electric systems.

Ground source heat pumps provide both environmental and financial benefits. Through their
use, carbon emissions are reduced through decreased dependence on fossil fuel-based energy.
The British government has offered financial incentives for the installation of ground source
heat pumps in homes. They offer an “overall maximum of £1,200 or 30 per cent of the
relevant eligible costs, whichever is the lower1.” These incentives contribute to the demand
for and market development of ground source heat pumps. Through this initiative, progress
can be made toward mainstream environmentally friendly and renewable energy
technologies. “When installed in an electrically heated home, a ground source heat pump
could save as much as £880 a year on heating bills and almost 7 tonnes of carbon dioxide a
year,” depending on the previously used fuel source2.

Through the development of EcoCities throughout England, the market for ground source
heat pumps has the potential for growth. Regen South West indicates that southwest England
has about 150 installed pumps with a 4 MW total capacity. Given the proportion of

77

England’s population in the Southwest, about 42 MW of power generation nationally is offset
by ground source heat pumps. As each EcoCity is likely to require upwards of 18 MW, with
180 MW total for all EcoCities throughout England, a significant market growth in ground
source heat pump technology would result from utilizing this technology. Over 400% growth
from the present market is possible, were ground source heat pumps to serve as a primary
energy generation technology in EcoCities.

The density of residential units in an EcoCity must be considered when planning for ground
source heat pumps. Problems can arise in high density developments because, when ground
source heat pumps are placed in high densities, cooled fluids returning to the earth after heat
extraction have the potential to freeze the ground, thereby stopping the pump and making an
energy strategy focused on heat pumps unfeasible.

The requirements and goals of EcoCities, coupled with financial incentives for ground source
heat pumps, could potentially help to establish and grow a larger consumer base for this
technology, especially in large developments with low energy use and small carbon footprints
in mind. With housing developments planned for tens of thousands of new residences,
thousands of ground source heat pumps will be in demand in an effort to achieve the
sustainability and low-carbon goals of EcoCities.

Companies in England with Specialties in Ground Source Heat Pumps:


Regen South West - http://www.regensw.co.uk/



Ground Source Heat Pump Association - http://www.gshp.org.uk/



Ecovision Systems - http://www.ecovisionsystems.co.uk/



EarthEnergy Ltd. - http://www.earthenergy.co.uk/



The Alternative Energy Company - http://www.taec.co.uk/



Microgeneration Ltd. - http://www.microgeneration.com/



Kensa Heat Pumps - http://www.kensaengineering.com/



Cool Planet Technologies - http://www.cool-planet.co.uk/v2/index.php

Sources:


1

Low Carbon Buildings Programme. Department for Business Enterprise and

Regulatory Reform
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2

Energy Savings Trust. http://www.energysavingtrust.org.uk

Building Management Systems

Automated building systems are effective means of tracking building energy use, identifying
inefficient systems, improving building performance, enhancing indoor environmental
quality, and developing energy consumption mitigation strategies. Through the establishment
of quantitative metering devices in buildings, energy use and air quality can be optimized
while keeping building occupants and users aware of individual energy usage patterns.
Additionally, measurement, analysis, and automation of energy patterns serves a process
similar to building commissioning by adjusting systems for the optimization of building
performance.
Building management systems serve as a means of integrating “smart” technology into
building operations. These systems allow for the use of computerized system controls that
effectively operate heating, cooling, and ventilation systems within a building. Using these
technologies has both environmental and financial benefits. This reduction in energy use of a
building provides for a more efficient building and decreased energy costs. Additionally,
because automated systems configure buildings for optimal performance, building systems
operate more effectively and efficiency, lessening the potential for problems resulting from
system flaws and minimizing wasted energy.

EcoCities, like those proposed for construction in the UK, are likely to utilize these systems
as a means of establishing advanced low energy building practices. Building automation
features vary from complex to fairly simple and include a wide range of computerized
sensory devices. Carbon dioxide sensors, daylight sensors, and ventilation measurement
devices are among the sensory meters that are configured to enhance indoor environmental
quality in a building while optimizing building performance and energy usage. They serve as
an effective means for building operators and occupants to participate in carbon reduction
initiatives and provide for smoother building operation, allowing a single unit to operate all
systems. A significant market for current sensory and automation technologies would be
generated by the demand for numerous low-energy, low carbon communities. A market
would also be created to encourage further innovation in computerized measurement and
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automation devices as a result of the demand for effective automation systems in buildings
that provide accurate, quantifiable data on building performance and integrate smart
responses to changing building conditions.
Since England’s EcoCities are likely to include upwards of 100,000 new residential units, a
high demand for building management systems is probable. The systems serve to improve
sustainability, optimize building performance, and to work toward the goals of the EcoCity
program. Successful implementation of these systems in new buildings would potentially
serve as a model for further future developments and as a standard for sustainable and
efficient building management practices.

Companies in England with Specialties in Building Automation:


GEO (Green Energy Options) - http://www.greenenergyoptions.co.uk/



Jennic - http://www.jennic.com/index.php

Building Commissioning

Building commissioning serves to ensure that building systems are installed properly and
operate to the specifications of the building owner. Successful building commissioning is an
ongoing process that occurs throughout the design, construction, and occupancy phases of a
building project and results in increased building performance and energy efficiency.
Building systems that are typically commissioned are those that use extensive energy supplies
and include heating systems, ventilation systems, air conditioning systems, and lighting
systems. More extensive commissioning of building systems offers additional increases in
building performance. The United States Green Building Council estimates in its LEED
Reference Guide that basic building commissioning can improve building energy efficient 5
to 10 percent1.

Through the commissioning process, the energy demand of a building can be significantly
reduced by assuring that systems are properly installed and operational. This reduction in
building energy use leads to both financial and environmental benefits. Building energy costs
are decreased significantly when buildings operate more efficiently. Additionally, the
decreased energy demand of a commissioned building helps to lessen stress on the energy
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grid. Higher energy efficiency also helps to mitigate the emission of carbon dioxide and
other environmental pollutants produced during the production of energy from fossil fuels
combustion for use as electrical energy in buildings. Building commissioning, therefore,
serves as an effective means of working toward zero carbon, energy efficient buildings.

The development of EcoCities throughout the United Kingdom offers numerous opportunities
for those qualified in building commissioning processes. Because it significantly increases
energy performance of a building and verifies the performance of building systems,
commissioning will be a necessary process in the development of low-carbon communities
throughout England. Those skilled in the measurement and verification of building system
performance are likely to witness significant growth in their field in conjunction with the
development of these large mixed-use EcoCities that could amount to over 100,000 new
residences throughout England.

Companies in England with Specialties in Building Commissioning:


Banyard Associates Limited - http://www.banyards.co.uk/associates/



International Building Performance Simulation Association - http://www.ibpsaengland.org/

Sources:


1

LEED for New Construction Reference Guide Version 2.2. USGBC. 2005.

Efficient Building Envelopes

Designing buildings with efficient building envelopes is an effective means of controlling
energy flow between the inside and the outside of a building, increasing building energy
efficiency and improving building performance. Building envelopes play an integral role in
the energy consumption and indoor environmental quality of a building1. Through effective
building envelope engineering and design, the energy efficiency of a building can be
significantly improved and the building performance enhanced.

Efficient building envelopes provide both financial and environmental benefits. Energy
saving can be significant with increased energy efficiency of building envelopes in
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comparison to the energy performance of envelopes in baseline case building. The
environmental benefits of high-efficiency building envelopes are evidenced by decreased
building energy demand and the corresponding decreased energy production, decreased
carbon dioxide emissions, and mitigated environmental impacts from energy production and
resource extraction.

Among the building material technologies that could be integrated into efficient building
envelopes are low u-value glasses and wall materials. “U–Value is the measure of the rate of
heat loss through a material per unit area2.” By reducing the potential for heat loss through
the building envelope, building performance is improved and overall energy efficiency is
increased. Exterior glazing with high reflectivity can also improve building envelope
efficiency by preventing undesirable solar gain by interior spaces.

The Elizabeth Fry Building on the campus of the University of East Anglia exhibits efficient
building envelope technology by utilizing “double-skin blockwork walls with 200mm
insulated cavity, and nylon wall ties to reduce thermal bridging3.” The integration of
Swedish Termodeck technology into building envelopes offers potential in improved
envelope efficiency. Termodeck is a “low energy structural ceiling slab system” that
provides “thermal storage at room temperature, cooling without refrigeration and ventilation
without recirculation3.” By efficiently using thermal loads, Termodeck provides for an
efficient building envelope, enhance occupant comfort, and improved building energy
efficiency.

A high level of demand for skilled engineers capable in efficient building envelope design
would potentially be created as a result of England’s EcoCity initiative. A market would be
created for contractors as well, especially those skilled in installation of efficient envelopes in
residential buildings. With the need for upwards of 100,000 new homes, the high demand
level for efficient envelopes could help develop a market for skilled building designers and
developers.

Sources:


1

LEED for New Construction Reference Guide Version 2.2. USGBC. 2005.



2

Oak Conservatories. http://www.oakconservatories.co.uk/
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3

University of East Anglia. www2.env.uea.ac.uk/gmmc/energy/env2d02/efry_1.doc.

Efficient HVAC Systems

Heating, ventilation and air conditioning systems are estimated by the United States
Department of Energy to account for between 40% and 60% of total energy usage in
residential and commercial buildings. England’s plan for EcoCities promotes mixed use
development involving primarily commercial and residential developments, creating a major
market of potentially 100,000 new residences requiring efficiently designed and operated
HVAC systems. With construction on a significant scale, efficient HVAC systems offer an
effective means of decreasing energy consumption in EcoCities while maintaining desirable
indoor environmental conditions. HVAC systems play a significant role in human health and
indoor environmental quality and are a desirable and oftentimes necessary feature of a
building in increasingly warmer climates.

A high demand for efficient HVAC systems will be generated through the construction of
low-energy and low-carbon housing. Sustainable communities, like England’s proposed
EcoCities, will need to incorporate such systems to provide for a wholly integrated and
energy efficient building design. The US Department of Energy indicates that “the best
HVAC design considers all the interrelated building systems while addressing indoor air
quality, energy consumption, and environmental benefit 1.”

Among the HVAC components that can significantly affect building energy usage are air
conditioners, furnaces, and hot water heaters. New models of air conditioning units can offer
higher energy efficiency and lower life cycle costs, providing both financial and
environmental benefits. Heating systems are also highly energy consumptive systems, while
newer models offer significant improvements in efficiency. “Modern heating systems can
achieve efficiencies as high as 97%, converting nearly all the fuel to useful heat for the
home.”1

Heat pump water heaters are water heating systems that transport heat to water rather than
produce energy for heating. This results in significantly higher coefficients of performance
than conventional gas and electric water heating systems. “Heat Pump Water Heaters are 2 to
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3 times more efficient than conventional water heaters because they transport heat from a
source (e.g., outside air or air inside a building) rather than producing it by combusting gas or
using electric resistance elements1.” (Note that this quote conflates efficiency and coefficient
of performance, but the sentiment is correct).

Overall, with improvements to HVAC technologies, the US Department of Energy estimates
a 40% or more reduction in energy use is possible with improved HVAC system design,
while improving indoor environmental quality in a building. An EcoCity in England would
see significant carbon reductions from a baseline building design with the use of HVAC
systems that incorporate efficient technologies and work toward decreasing HVAC system
size. While many buildings in England do not presently utilize air conditioning systems, a
high demand in the near future for such systems is likely as temperatures rise and heat waves
become more prevalent. In order to meet the goals of the EcoCity program, efficient HVAC
technologies will be needed for integration into buildings and a market for providers and
maintenance of these technologies will be created on a large scale in regions with EcoCities
planned to each house about 10,000 families.

Sources:


1

US Department of Energy. Energy Efficiency and Renewable Energy.

6. Other Potential Energy Sources and Strategies

The following section presents a brief overview of additional technologies and strategies that
could provide environmental, economic, and social benefits to England’s EcoCities. Each
item is accompanied by an overview of its purpose and offers suggestions on its feasibility as
a contributing factor to the goals of an EcoCity. The following technologies and building
strategies are suggested, with selected measures described in more detail.

84




































Bio-fuel Electrical Systems
Geothermal Energy Systems
Active Solar Thermal Energy
Systems
Passive Solar Design
Daylighting Strategies
Efficient Glazing
Nuclear Power
Brownfield Remediation
Technologies
Low Emission Vehicles
Fuel Efficient Vehicles
Public Transportation Systems
Effective Stormwater Control
Systems
High Solar Reflective Index
Materials
High Albedo Materials
Open Grid Paving Systems
Vegetative Roofs
Efficient Recycling Systems
Efficient Building Reuse
Techniques
Efficient Construction Waste
Management Techniques
Salvaged Materials
Materials with High Recycled
Content
Regionally Extracted, Processed,
and Manufactured Materials
Rapidly Renewable Resources
Improved Forest Stewardship
Efficient Landscaping
Efficient Irrigation Systems
In situ Water Treatment
Efficient Water Use in Fixtures and
Appliances
Low Emitting Adhesives and
Sealants
Low Emitting Paints and Coatings
Low Emitting Carpeting
Improved Thermal Comfort
through Building Systems and
Building Design
Improved Lighting Systems
Improved Building Design and
Construction Interface
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Biofuel Electrical Systems

Biofuels are renewable materials that provide fuel for the generation of electric power. The
materials used typically include grains and grasses, like corn and sugarcane, that are
harvested and refined into fuel. Biofuel has been used significantly in Europe for biodiesel
automobile fuel. The use of ethanol as a biofuel has received much scrutiny as a result of its
potential impact on food supplies and accessibility. While not entirely clean from all
pollutants, biofuels are generally cleaner than gasoline with regard to carbon emissions,
making them a potential fuel source in a low-carbon society like an EcoCity. Overall,
biofuels seem relatively unfeasible as a widespread energy source capable of providing
significant energy production while maintaining food resources.

Geothermal Energy Systems

Geothermal energy systems make use of deep earth heat, like ground source heat pumps.
However, rather than providing for thermal comfort systems, geothermal systems provide
electric power to buildings. Geothermal power has the advantage of no carbon emissions,
little environmental impact, and no risks during adverse weather conditions. Geothermal
systems range in capacity based upon the scale of the development in which they are used
and have the potential to renewably provide power infinitely1. The upfront costs of
geothermal systems are significant barriers to the commercialization and mass integration of
these systems into buildings.

Sources:


1

Envocare Ltd. http://www.envocare.co.uk/geothermal.htm. 2005.

Active Solar Thermal Energy Systems

Active solar thermal energy systems convert solar energy into heat for use in thermal comfort
systems within a building, primarily water heating. “There are currently a total of nearly
48,000 solar thermal systems in the UK equating to 276,000 m2 of panels or a capacity of
approximately 158 MW with most installed to heat swimming pools (44%) and domestic
residences (56%). This provides an energy output of some 73 GWh/yr1.” Through their
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integration into EcoCities, likely to demand at least 180MW from combined energy sources,
of which perhaps 10% will be due to heating of water, the solar thermal energy market could
potentially see an increase in market size as a result of the EcoCity program that could
demand upwards of 18 MW of solar thermal capacity total.

Sources:


1

North Devon Council. www.northdevon.gov.uk/environment/reap/threenine.pdf

Passive Solar Design

Passive solar design is a building design strategy through which building orientation and
building materials are carefully planned to optimize the energy gains from the sun – including
storage in the thermal mass of a building - for maximum building performance. Effective
design “can help to further reduce the need for space heating, ventilation and artificial
lighting1.” Passive solar design may prove to be a useful, low-carbon strategy for an EcoCity
as it can help decrease energy demand and therefore the combustion of fossil fuels. Energy
cost reductions of up to 40% percent are possible as a result of decreased needs for winter
heating1.

Passive solar design typically uses two schemes: direct gain and indirect gain. In a direct
gain system, the simpler of the two, sunlight enters through glazing and directly heats up the
building interior1. South facing windows are commonly used to maximize the ability for
daylighting in a building. Heat is captured within the thermal mass of the building, reducing
the building’s heating demand. “An indirect gain system positions the thermal mass between
the sun and the space to be heated1.” The following diagrams display the operations of both
systems.
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Indirect Gain Systems1

Direct Gain Systems1

Sources:


University of Strathclyde. http://www.esru.strath.ac.uk/.

Daylighting Strategies

Daylighting strategies are building design techniques that orient a building properly, and
provide adequate glazing, so as to maximize the amount of space lighting provided naturally
by the sun. This helps to decrease the use of artificial lighting and thereby building energy
costs. In the northern hemisphere, daylighting strategies typically have the majority of
glazing facing southward for optimization of light into the building while maintaining indoor
thermal comfort. These strategies, along with the other mentioned building design
techniques, are likely to be integrated into an EcoCity’s buildings for the optimization of
building performance and occupant comfort.

Energy Efficient Glazing

Energy efficient glazing is a means of improving overall building energy performance by
utilizing advanced window systems that decrease wasted energy and therefore building
energy costs. Typically, low emittance glass is used. It “contains an invisible metal coating
that sandwiches between the layers of glazing, that causes the glass to be reflective1.” The
use of this glass leads to improved thermal comfort in both summer and winter and decreased
heat loss through building windows1. Low-energy, low-carbon building developments are
recommended to utilize effective glazing systems in building development and operation.
They are a simple but effective approach to improving building performance.
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Sources:


1

Energy Efficient Windows. www.energy-efficient-windows.com/

Nuclear Energy

Nuclear energy is low carbon energy source that typical uses nuclear fission to produce large
amounts of energy. Emissions of carbon are very low, but the potential for radioactive waste
and radioactive emissions to enter the environment has damaged public opinion, making
nuclear energy an oftentimes difficult power source for use in new generation facilities.
Nuclear currently supplies 20% of the UK's electricity1. As a supplying power for EcoCities,
nuclear power may prove unfeasible as it is often considered green but not renewable. This
may make it difficult to utilize nuclear energy to meet the goals of an EcoCity. It would,
however, have significant potential to provide the 180 MW of power demanded by these new
developments, as a single reactor can supply more than 1,000 MW of power2.

Sources


1

Nuclear Industry Association. http://www.niauk.org/.



2

PPL Corporation. PPL Susquehanna. http://www.pplweb.com/.

Brownfield Remediation Technologies

Brownfield remediation technologies are those that treat and clean contaminated land to
acceptable standards. These technologies are beneficial for development siting as they allow
for the development over unsightly, contaminated locations and preserve greenfield space as
undeveloped. As technologies continue to advance for remediation, brownfield remediation
will involve lower costs and less liability making it an appealing development choice. If
EcoCities were to utilize brownfield development strategies and brownfield remediation
technologies, a market would potentially be established for firms skilled in such practices.

Low Emissions and Fuel Efficient Vehicles

Because transportation is an integral part of any development, vehicular transportation must
be addressed for low-energy, low-carbon developments like England’s proposed EcoCities.

89

Low emissions vehicles help to mitigate the environmental impacts of transport while still
providing for the transportation needs of residents. Fuel efficient vehicles help to mitigate
greenhouse gas emissions as a result of efficient engines. Hybrid and electric automobile
technologies offer potential benefits in working towards a zero carbon economy. These
vehicles may prove to be an effective means of transport within EcoCities, while still meeting
the goals and standards of the developments. EcoCities will need to establish effective
strategies for encouraging the use of transportation with low environmental impacts.

Public Transport Systems

Public transport systems are effective means of transportation while lowering per capita
carbon emissions and environmental impact. Encouragement of systems that include trains,
buses, light rails, and car pools is necessary in a development striving for low-energy and
environmental goals. Public transportation must be a major consideration in EcoCities as
transport plays a significant role in energy usage and carbon footprints of a development.

Effective Stormwater Control Systems

Stormwater control systems serve to reduce runoff and erosion from a development site.
Stormwater controls also allow for water reuse in irrigation of plants on-site and prevent
pollutants and other contaminants from infiltrating into streams and waterways. Stormwater
control is an important design consideration in a development and should be considered
during the design and planning of an EcoCity.

High SRI, High Albedo Materials

Materials with high albedo values and high Solar Reflective Index values are encouraged for
use because of their improved impact on heat islands in a development. These materials help
to increase reflectivity of paving and roofing materials, thereby decreasing the energy
absorbed from the sun. This helps to maintain lower temperatures and have less of an impact
on weather patterns and other micro-climate conditions in the locality surrounding a
development. These materials should be considered for incorporation into sustainable
development projects like EcoCities.
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Vegetative Roofs

Vegetative roofs help to improve heat island conditions and increase stormwater infiltration
on-site. Additionally, vegetative roofs provide building insulation which helps to lessen
energy demands for heating and cooling. These roofs do have significant up-front costs but
should be analyzed for their effectiveness within a specific development. Additionally,
vegetative roofs serve as an effective public display of sustainable building practices and can
help to promote a development based upon its environmental features. Vegetative roofs
should be a consideration for integration into EcoCities since they serve as a symbol of
environmental awareness and can help to mitigate environmental impacts and energy
demands.

Efficient Recycling Systems

Recycling systems will be an integral part within an EcoCity. The development of highly
efficient recycling practices will contribute both environmental and social benefits by
mitigating problems associated with decreasing availability of landfill space and by
encouraging material reuse in ways that reduce the embodied energy and carbon of products
consumed in EcoCities.

Efficient Building Reuse Techniques

The reuse of buildings and building materials helps to decrease stress on the stream of
building materials in the market and helps to minimize environmental impacts of materials
production. By reusing building components and materials from previously developed sites,
the embodied energy of materials, from production to transport to actual use, is further
reduced.

Efficient Construction Waste Management Practices

Construction waste can represent considerable volume of building materials and embodied
energy. Any practices that efficiently reduce waste or reuse construction products help to
mitigate the environment impacts of resource extraction and transport associated with
construction. Such practices should be strongly considered as building techniques in an
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EcoCity. For example, Hanley Grange has the established goal, in its prospectus, to be a
zero-waste project1. Techniques for effective construction waste management will be needed
to meet these goals.

Sources:


1

Hanley Grange Prospectus

Materials: Salvaged, Recycled, Regional, and Renewable
The materials used in a development project significantly affect a development’s lifecycle
carbon footprint. The use of materials with high recycled content helps to this effect as well
by saving natural resources and embodied energy. The use of regional materials helps to
reduce the overall carbon footprint of a development by minimizing the impacts of
transporting building materials to the construction location. Rapidly renewable resource use
helps to maintain the supply of virgin materials by lowering the demand on resources with
longer growth cycles. The use of rapid renewables along with Forest Stewardship Councilcertified materials helps to promote effective and environmentally conscious resource
management. The use of these materials should be considered for integration into EcoCities
based on their potential to contribute to the low carbon goals of the EcoCity programme.

Efficient Landscaping, Irrigation, and In Situ Treatment

Landscaping and irrigation systems can significantly affect the water demands of a
development. Using xeriscaping strategies, stormwater infiltration, in-situ water treatment,
and reclaimed water provides an effective means of decreasing the demand of a development
for potable water. During the planning process for EcoCities in England, water management
practices should be considered that utilize these techniques to minimize the demands for
potable water use in irrigation and wastewater systems.

Efficient Water Fixtures

The use of efficient water fixtures, such as low-flow sinks, toilets, urinals, and showers, can
help to reduce potable water demands, providing both environmental and economic benefits.
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Lower demands for potable water or use of reclaimed water decreases freshwater demands on
the environment and municipal infrastructure, and reduces energy used to treat and pump
water. Decreased water demands by a building leads to decreased overall water costs for a
development. Efficient water fixtures should be considered for and integrated into EcoCities
for their environmental and cost benefits.

Low Emitting Materials

Low emitting materials contribute to the indoor environmental quality of a building and to the
health of building occupants. The reduction of VOCs, formaldehyde, particulates, and other
pollutants from indoor air provides for a healthier living and working environment for
building occupants. Material considerations with regard to human health impact should be
made when planning, designing, and constructing EcoCities.

Improved Design and Construction Interface

Sustainable developments require much correspondence between parties involved in all
project phases. In order for the building to operate as desired and as efficiently as possible,
close interaction must be maintained between all parties. Goals of a development project
must be made evident, particularly energy saving strategies and environmental measures that
must be incorporated into a design. When developing a community as large as the proposed
EcoCities in England, exceptional communication is necessary as a poorly designed and
executed development has a considerable footprint on the environment. Efforts to minimize
carbon footprints and energy usage on such a large scale require close correspondence
between all parties and early planning of proposed building features.

7. Conclusions

EcoCities in England have the potential to utilize and showcase a wide variety of sustainable
building technologies and practices. In striving for zero carbon communities, energy
technologies play a prevalent role in impacting a community’s carbon and environmental
footprints. The most effective means of achieving a zero carbon community is likely a
combination of many technologies and strategies that offer increases in building performance
and efficiency, as well as the generation of power from clean, renewable sources. Below is
93

listed an analysis of the current capacity for individual renewable energy technologies in the
United Kingdom, and how the demands of EcoCities might contribute to market growth for
these technologies.

Per

Potential

Potential

Percent

Renewable Energy

Current

Capita

Market

New Total

Market

Technology

Market

Need

Creation

Market

Growth

Ground source heat pump

42000kW

0.6kW

180000kW

222000kW

429%

Solar panels

9900kW

0.6kW

180000kW

189900kW

1820%

Wind

2500000kW

0.6kW

180000kW

2680000kW

Wave

500kW

0.6kW

180000kW

180500kW

Hydro (Tidal Stream)

1521600kW

0.6kW

180000kW

1701600kW

7%
36000%
12%
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English Municipality Sustainability Requirements
Lead authors: Hannah Hunsberger and Erika Kupatt

1. Introduction

This project outlines the sustainability requirements of select municipalities in each of the
nine regions of England. The regions include East Midlands, East of England, London, North
East, North West, South East, South West, West Midlands, and Yorkshire and the Humber.
In the Planning and Compulsory Purchase Act of 2004, the government of England and
Wales agreed to a new planning strategy. This strategy includes two parts, the Regional
Spatial Strategies and the Local Development Frameworks. The Regional Spatial Strategies
are written by regional planning authorities and “set out broad spatial planning for how a
region should look in 15 to 20 years.” (www.planningportal.gov.uk) The Local Development
Frameworks (LDFs) are a compilation of documents written by local, unitary or national park
planning authorities and present a planning strategy on a local level.
(www.planningportal.gov.uk). This report analyzes the sustainability requirements of the
LDFs to provide businesses, investors and innovators looking to promote any energy or
environmentally minded products with areas with potential markets. This document should
service as a useful tool and source of encouragement to move such businesses forward.

2. Methods

This project focuses mainly on the core strategy component of the Local Development
Framework in order to summarize the sustainability requirements on a local level for select
municipalities. However, it is important to understand the other documents in the LDF. The
LDF includes the Statement of Community Involvement (SCI); this document “shows how
and when planning authorities intend to consult local communities and other stakeholders
when preparing documents.” Each statement is thus open to the public and with community
input from an early stage it is hoped to encourage participation and local involvement. Also
required is an Annual Monitoring Report to analyze the “progress and effectiveness” of a
LDF; this is submitted to the government by the local planning authority. The Local
Development Schemes (LDS) were submitted to the Secretary of State by the end of March
2005. These documents identify the local development documents that will be written and
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creates a schedule by which to produce the entire LDF in three years time. (Guide to Local
Development Frameworks, http://www.planningportal.gov.uk/uploads/ldf/ldfguide.html)

A Local Development Framework also includes Development Plan Documents (DPDs).
These summarize the major development goals of the LDF documents and include a Core
Strategy, Site-Specific Allocations of Land, a Proposals Map and, in some cases, an Area
Action Plan. The Core strategy “sets out the general spatial vision and objectives for delivery
in the LDF”. This document summarizes the proposed development and land use in a
particular Local Planning Authority area. It concentrates particularly on “strategic
development needs, including housing, leisure and retail.” Site Specific Allocations assign
land for specific uses. The last required Development Plan Document is the Adopted
Proposals Map. This consists of a map to show all adopted policies that are site-specific.
Additionally, they will “identify areas of protection such as nationally protected landscape
and local nature conservation areas, greenbelt land and conservation areas.” (Guide to Local
Development Frameworks, www.planningportal.gov.uk/uploads/ldf/ldfguide.html)

After examining the Local Development Frameworks which were available throughout the
different regions in England, specific municipalities were selected based on local importance,
city prominence, and accessibility of documents for the LDF. The core strategies for the
selected municipalities were searched for and located on the United Kingdom’s Planning
Portal website, www.planningportal.gov.uk. The core strategies were then used to examine
the sustainability requirements of each municipality and then these requirements were used to
help outline our business recommendations.

3. Results

The following outlines the Core Strategies of each selected municipality with a focus on
possible sustainability requirements.

North West Region (Liverpool)

The North West Region is, as stated in the name, located in the north west of England all the
way to the Scottish border. Manchester and Merseyside comprise most of the urban areas
within the region and around 80% of the North West Region is agricultural. Liverpool’s core
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strategy labels it a gateway for trade and people into the North West, North of England, and
North Wales. The Liverpool City Region is comprised of the six Merseyside districts of
Liverpool, Sefton, Wirral, Knowsley, St. Helens, Halton, the outlying districts of West
Lnacashire, Warrington, Vale Royal, Chester, Ellesmere Port and Neston, and Flintshire
(North Wales). The Liverpool City Region reports a population of approximately 2.2 million
people. Over one third of Mersyside land is designated as greenbelt.
According to Liverpool’s core strategy in its Local Development Framework (LDF), “The
Local Development Framework will insure that sustainable development underpins
Liverpool’s renaissance. It will promote economic growth and equality, improve health and
wellbeing, protect and enhance the environment and minimize resource use in order to create
a city that meets the aspirations of its citizens and ensures the success of the City Region,
both now and in the future.” Objectives for Liverpool’s LDF include: 1. Strengthen
Liverpool’s economy and improve the city’s image, 2.Build and support strong and inclusive
communities, 3. Improve the quality of buildings and spaces and foster local identity, 4.
Maximize accessibility and 5. Protect the environment and minimize resource use.
Problems specifically designated by Liverpool’s core strategy include transport and
movement, vacant and contaminated land/buildings, air, noise, and light pollution, economic
development, cultural and economic assets, neighborhood facilities, historic environment,
open space and coastline, biodiversity, location of new development, energy and resource
use, healthy living, community safety, community involvement, stable communities, design
and local distinctiveness, waste, access to quality housing, and water quality. In order to
address these problems the core strategy of the LDF has defined the following objectives for
the Liverpool City Region:


Make more sustainable and transparent decisions:



Make better use of land, buildings, and infrastructure:



Ensure quality in new development:



Address the challenge of climate change:

In order to achieve the objectives listed above, Liverpool has outlined specific plans for
different areas, as follows:
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Travel plans: Aim to encourage people to travel to and from the development by walking,
cycling, and public transport

Developer contributions: For larger developments, the Planning Authority can require
additional funding from the developer for local transport or community infrastructure,
training schemes, public art/realm projects. Etc.

Habitat surveys: On sites that are not protected by biodiversity legislation, developers may be
required to undertake a habitat survey to ensure that no endangered species will be threatened
by proposed development.

BREEAM and Eco Homes assessments: Planning Authorities can require a high score on
either a BREEAM or Eco Home assessment, to ensure that the buildings contribute to
environmental sustainability objectives. This rating applies to new development.
Design statements: Developers may be required to submit a design statement in order to set
out why buildings have been designed a certain way.

Flood risk assessments: In areas of flood risk, developers may be required to ensure that new
development will not be in danger of flooding over the coming years.

In addition to the specifications listed above, the core strategy document for Liverpool also
focuses on the livability of the city and has outlined what they wish to achieve with regards to
this goal. The following points stem from Liverpool’s goals on improving the livability of the
city.


The vitality and vibrancy of neighborhoods: Renewed activity is stimulated in areas
which have suffered decline over recent years.



Efficient and effective use of land and buildings within an area: Development makes
good use of the city’s land resource.



The way in which buildings use energy and natural resources: Minimizing resources in
the construction and use of new buildings. By making use of modern technologies, new
buildings are more likely to be future-proofed.
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The environmental quality of an area: The environmental quality of all neighborhoods
within Liverpool is raised in order to reduce inequalities between different parts of the
city to good quality parks and natural environments.



Crime and community safety: Well designed buildings and spaces can help to reduce
crime and fear of crime within a neighborhood.



The health and wellbeing of people who live or work in Liverpool: The design and layout
of buildings and spaces can affect the health and wellbeing of communities and must be
considered by new development.



How new development responds to the character of an area: Neighborhoods with strong
character may require sympathetic development, which responds to the shape and form of
existing buildings. In areas that lack character, new development should help address this.



The intensity of uses in new development: New development should pay due regard to the
intensity of uses within an area, and either reflect or enhance this.



The city’s open spaces: All citizens have access

North East Region (Newcastle)

The North East region occupies the area of Northeast England from Derbyshire to the
Scottish border. The core strategy of Newcastle includes halting and reversing the city’s
population loss, achieving attractive and popular neighborhoods throughout the city, reducing
carbon emissions and combat climate change, maintaining and enhancing the city’s
distinctive character, promoting a competitive and sustainable local economy, promoting
sustainable transport, ensuring high quality green and natural environments, promoting the
health, safety and well-being of residents and visitors, and achieving a city center that is
attractive, competitive and inclusive. Newcastle’s greenbelt occupies 40% of its area.
The segment of Newcastle’s LDF which focuses on the environment includes a number of
council initiatives such as Sustainable Waste Strategy, Biodiversity Action Plan, Green Space
Strategy, Allotments Strategy, Playing Pitch Strategy, Land Contamination Strategy, and Air
Quality Action Plan for Newcastle City Centre. Currently these preliminary plans are listed in
the core strategy of the LDF for Newcastle and will subsequently be defined at a later time in
other documents of the LDF.
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Planning for climate change includes: development proposals should be located and designed
to minimize energy needs arising from users’ travel patterns and in the construction,
maintenance and running, through careful siting of buildings to minimize exposure;
maximizing opportunities for retention of existing buildings and recycling building materials.
Innovative approaches and technologies appropriate to the general objectives and policies of
the plan should be encouraged to generate and conserve energy, new developments and
conversions of existing buildings should be required to meet the Energy Efficiency Best
Practice Standard, conform to the Code for Sustainable Buildings, and achieve high energy
efficiency and minimize consumption so that they achieve BREEAM and Eco-Homes “very
good” or “excellent” rating, and all new development schemes comprising 10 or more
dwelling units, or over 1000m2 gross floorspace in other uses, should incorporate renewable
energy equipment to provide at least 10% of total predicted energy requirements from
renewable sources.

Sustainable Waste Management: allocation of sites which may be required by Regional
Spatial Strategy policies and to deliver the Council’s preferred strategic option; providing
criteria for assessing proposed new or expanded facilities; encouragement for new methods of
processing and recycling on appropriate sites; a requirement for development proposals to
incorporate storage and collection facilities for recycling; and a requirement for a waste audit
for new development schemes comprising 10 or more dwelling units, or over 1000m2 gross
floorspace in other uses.

Yorkshire and Humber Region (City of York)

The City of York is a prominent city in the Yorkshire and Humber Region with a population
of about 185,000, but it is considered to be part of the greater Leeds City Region. It is located
midway between the cities of London and Edinburgh. The city is dominated by flat and low
lying agricultural land, making flooding an issue for the city. Also important to the city is the
City Centre, which is only one of five historic centres in England which has been designated
as an Area of Archaeological Importance. The Community Strategy, as defined by the LDF
for the City of York is “Without Walls: building a future for York” and it’s vision is
described “Build confident, creative and inclusive communities, Be a leading
environmentally-friendly city, Be at the forefront of innovation and change with a prosperous
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and thriving economy, Be a world class centre for education and learning for all, and
Celebrate our historic past whilst creating a successful and thriving future.”

The environmental objectives of the Local Development Framework of the City of York
include: land use efficiency which maximizes the use of brownfield land; maintain and
improve a quality built environment and the cultural heritage of York and preserve the
character and setting of the historic city of York; conserve and enhance a biodiverse,
attractive, and accessible natural environment; minimize greenhouse gas emissions and
develop a managed response to the effects of climate change; improve air quality in York; the
prudent and efficient use of energy, water and other natural resources; reduce pollution and
waste generation and increase levels of reuse and recycling; maintain and improve water
quality, and reduce the impact of flooding to people and property in York Preserve.

The specifics of building a sustainable future for the City of York include protecting the
green areas of the city. About 17% of the land is designated green-belt area. What to do with
the green belt in the City of York, according to the Core Strategy of the Local Development
Framework, is based on the belief that it should last “in perpetuity, or at least until 2029.”
The overall objective stated in the Core Strategy for the City of York, is to reduce the city’s
ecological footprint. Other objectives are grouped under the categories environment, social,
and economic. There are also BREEAM requirements for the city, as each building is
expecting to achieve a rating of as least “Very Good”. The Code for Sustainable Homes is
also instrumental in the environmental goals of York’s core strategy. Renewable energy is
also important for York and there is a requirement that at least 10% of energy for new
developments comes from renewable sources.
The social objectives of the LDF include: enhance York’s urban and rural landscapes and
public open space/recreational areas and leisure facilities for all; maintain or reduce York’s
existing noise levels; improve the health and well-bring of the York population, safety and
security for people and property; create vibrant communities that participate in decisionmaking; reduce the need to travel by private car; create developments which provide good
access to and encourage use of public transport, walking, and cycling; create a transport
network that integrates all modes for effective non-car-based movements; make quality
affordable housing available for all; and enhance social inclusion and equity across all
sectors.
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The economic objectives include: good quality employment opportunities available for all;
good education and training opportunities which build skills and capacity of the population;
conditions for business success, stable economic growth and investment; and meet local food,
health care, education/training needs and employment opportunities locally.

East Midlands Region (Melton Borough)

Melton Borough is a rural area in the Northeastern part of Leicestershire, which is in the
middle of the East Midlands region. The city of Leicester is the largest urban area in the
region, however they have yet to develop a substantive Local Development Framework,
leaving Melton Borough’s Local Development Framework as an example for the region. The
area of Melton Borough centers on a single market town called Melton Mowbray, which
itself has a population of about 25,000 and is surrounded by about 70 small villages. Because
of the location and rural profile of the area, Melton Borough’s Local Development
Framework, and specifically its core strategy, focuses mainly on maintaining the rural image
of the area.
The “Vision, objectives and key issues” section of the core strategy has been divided into
categories for the environment, community development, safety and protection, housing,
accessibility and transport, and jobs and prosperity.

Environment: Preserve tranquility and reduce pollution, protect and enhance the natural and
built environment, protect the rural character of the borough, protect and manage the use of
natural resources and mitigate activities that cause their loss or degradation, prepare for, limit,
and adapt to climate change, reduce the risk of flooding in areas averse to flooding, and
minimize the use of energy and promote forms of renewable energy.

Community development:


Improve facilities for young people



Improve access to services and facilities, including health, social care, recreation,
and education.
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Safety and protection:


Improve community safety and reduce crime and the fear of crime.

Housing:


Help provide a stock of housing accommodation that meets the needs of the
community including the need for affordable housing.

Accessibility and transport:


Give better access by public transport to basic services, reduce the need to travel by
car



Reduce traffic congestion in Melton Mowbray

Jobs and prosperity:


Enhance the vitality and viability of Melton Mowbray town centre



Provide sufficient land to meet current and future employment needs



Help regenerate the rural economy



Promote the tourism potential of the Borough through its food, equestrianism, and
heritage assets.

The next part of the core strategy for Melton Borough deals with the development of the area.
The first area of development addressed is that of housing. According to the core strategy, it
was determined that 4,200 homes would be build between the years 1996 and 2016. Business
development was limited to 125 hectares between 1996 and 2016. As of 2008, 95 hectares of
this land had been developed, but due to projections showing limited growth in jobs and little
demand for business space, the remaining 20 hectares may or may not be developed for
business. Additionally, the plan calls for no further shopping locations to be built in Melton
Borough. With regards as to where new development will occur, the core strategy has
determined that new residential developments will need to have good access to jobs, shops,
and other services so that travel is not required. This plan will also encourage the use of
public transport, cycling, and walking. More specifically, a priority has been given to
considerations of developments and is as follows and they are ranked in order of importance
to the town:
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1. Previously developed land and buildings within or adjoining Melton Mowbray town
centre
2. Previously developed land and buildings elsewhere within Melton Mowbray
3. Other land within Melton Mowbray
4. Land adjoining Melton Mowbray, particularly where this involves the use of previously
developed land
5. Land within or adjoining Rural Centres (Asfordby, Bottesford, Long Clawson, Waltham
on the Wolds), particularly where this involves the use of previously developed land
6. Other locations

Residential developments face other standards according to the core strategy, namely a need
for a mix of housing types, specifically small houses or flats for new households. Affordable
housing is also to be developed more

West Midlands (Coventry)
The West Midlands region of England contains the nation’s second largest city, Birmingham.
However, the municipality of Birmingham does not have a Core Strategies plan drafted and
posted. The city of Coventry’s LDF is used in this report instead. Coventry underwent a
period of decline and regeneration and then experienced an “industrial re-structuring” in the
1980s to “become a modern city attracting investment…” (2.1). The city has been classified
as a New Growth Point by the national government; this illustrates that the importance of
sustainable development with large-scale growth has been recognized for the city. The city
has committed to building 9,000 new dwellings by 2016. Furthermore, studies to aid the
planning processes have and will continue to be conducted for the ‘Partnership for Growth’
program. The Council has identified that the city has room for about 24,000 new dwellings
on previously developed land to be built by 2026.

The Core Strategy document for Coventry proposes several available sites for the
development of new dwellings. These sites include:


Sites allocated in the existing Coventry Development Plan



Re-use of empty homes



Conversion
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City centre redevelopments



Redevelopment of some long established employment sites in inappropriate locations



Subdivision of existing housing



Flats over shops



Intensification of existing housing



Redevelopment of car parks



Vacant and derelict land and buildings

The importance of protecting green areas is emphasized by the retention of Coundon Wedge
and the Sowe Valley as areas exempt from development. Furthermore, the LDF stresses that
the majority of development should occur in places already built-up with access to public
transport. This includes development in and near the city center, making use of poorly
located employment sites for housing, and increasing the density of housing. Certain areas of
the Green Belt land will be re-designated in order to support the development of sustainable
housing without compromising the main purpose of the Green Belt.

As the anticipated growth continues, the need for improved public transport is recognized.
Much improvement has and will continue to take place through the PrimeLines and Sprint
programmes. Also, cycle routes will be developed and extended, new park and ride sites
built and more bus lanes created. However, as walking and cycling is encouraged along with
alternative travel patterns, more roads will need to be built and more parking spaces made
available to cope with inevitable increases in traffic of a growing area.

Sustainable development will also be promoted by using reclaimed materials, recycled water
and renewable energy in the development process. An improvement in design, maintenance
and accessibility of buildings is stressed while preservation of locally distinctive spaces and
buildings is still considered. Coventry also proposes tightening Building Regulations to
increase energy efficiency and following the code for sustainable buildings ratings of new
homes. New waste management and recycling facilities will be built and a system for sorting
waste on sites of employment is in the process.
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East of England (East Cambridgeshire)

The East of England region includes the counties of Essex, Hertfordshire, Bedfordshire,
Cambridgeshire, Norfolk, and Suffolk. For this region the Core Strategy for the East
Cambridgeshire district was used. The major city in this region is Ely and its rapid growth
rate, one of the fastest British local authorities, makes sustainable development critical. The
East Cambridgeshire District council Local Development Framework, Issue and Options
Paper – Core Strategy and Development Plan Document was reviewed for the documents
sustainability requirements. This document was drawn up with the purpose of replacing the
existing East Cambridgeshire District Local Plan.

The area has the target of creating 6,173 new homes starting in 2005 until 2021. The
concentration is on building houses located within the towns, on previously developed
brownfield land. The city of Ely is the planned location for the majority of the new
dwellings, followed by Soham and Littleport. However, some new greenfield sites on the
outskirts of settlement and in Soham and Littleport will be allocated for up to 1500 new
homes. The plan allows for a restricted amount of development in the smaller villages.

East Cambridgeshire planning authorities are required to dedicate 6 hectares to the
development of new employment sites per year until 2016; this development will mainly take
place in Ely. Overall, 10 sites were identified as suitable for this growth: Angel Drove and
Lancaster Way in Ely, Northfield and Forham Road in Soham, north and south of Wisbech
Road, west of Blankbank Road and west of Woodfen Road in Littleport, Elean Business park
in Elean, and the land adjoining A142, Burewell, and west of Reach Road in Snailwell.

Development in the countryside will be limited to homes for agricultural, forestry, stud and
other rural workers. The East Cambridgeshire Core Strategy requires 70% of new brownfield
development sites to be allocated for affordable housing. Affordable housing developments
should be located close to the villages. The conversion of rural buildings into residential use
is an allowed method of development in the countryside. Allowing infill housing is being
discussed as well as the diversification of the rural economy. Examples of this include the reuse of barns and growth of tourism. The tourist industry could be developed to focus on
towns and larger villages and remain limited to ‘low-key’ activities so as to reduce the impact
on the countryside. The development of hotels and other overnight accommodations in the
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larger villages and towns would encourage tourists to stay overnight, thus increasing
economic benefit of the industry.

An improvement of quality and quantity of open spaces is a concern when proposing more
development. Every house has to have approximately 100 square meters of open space. The
core strategy proposes placing less emphasis on open space within developments and instead
pooling the requirements for each dwelling to either create new areas elsewhere or improve
the productivity of current open space. A ‘country park’ is also proposed for the eastern edge
of Ely.

South West England (Plymouth)

The South West region of England encompasses the area from Gloucestershire and Wiltshire
to Cornwall. For the purposes of this project the City of Plymouth was used to represent this
part of the country. Plymouth is the second largest city in the South West region after
Bristol. As a coastal community it has unique requirements important to include in this
report. The city is classified as a Principal Urban Area (PUA) by the Planning Guidance for
the South West (RPG10) and has also been recognized as “having potential to play a wider
strategic role as a major regional service centre providing a focus for economic activity in the
far South West”. The area’s environment is diverse and needs to be carefully managed.
However, in addition to being a vibrant city, Plymouth also has “significant pockets of
deprivation… considerable structural problems with the economy and much of the urban
fabric and infrastructure…” Overall, Plymouth is viewed as having the opportunity to benefit
from being on the forefront of sustainable development and growth.
The Core Strategy of the Plymouth City Council’s Local Development Framework and the
Core Strategy Preferred Options documents state the city’s goal of making Plymouth into
“one of Europe’s finest, most vibrant waterfront cities where an outstanding quality of life is
enjoyed by everyone.” The strategy states its purpose as “promoting sustainable
development – seeking to integrate… environmental, economic and social aspirations.” In
January 2005 the City Council adopted its Sustainable Development Policy Statement which
states their goal of sustainable development as allowing “people throughout the world to
satisfy their basic needs and enjoy a better quality of life without compromising the quality of
life of future generations”. The LDF is supposed to address the sustainability issues of
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“climate change, protection of biodiversity and open spaces, dealing with waste, and reducing
consumption of non-renewable resources” in upholding the City Council’s Sustainable
Development Statement.
Plymouth’s plan is to create 10,000 new homes by 2016, of which 25% will be affordable
housing. Also the city plans to assign 80 hectares of land for development of buildings for
employment by 2016. The Plymouth Urban Capacity Study stated the city could produce
from 10,800 to 13,300 new homes from 2001-2016. Furthermore, at least 80% of the new
dwellings will be on Previously Developed Land, 20% will meet lifetime homes standards
and the average net density of housing will be 30 dwellings per hectare. The lifetime homes
standard has 16 design features to build a house that is completely adaptable as the needs of
its occupants change. The requirements for a dwelling to meet these standards are outlined
below under business recommendations.

The local planning authorities recognize the benefits of a sustainable transportation system
and plan to change the current system to make it such. The plan proposes a reduction of
dependency on current forms of transportation as well as a development of sustainable
transport that works well with the cities’ existing infrastructure. The plan to achieve this goal
is the High Quality Public Transport network to eventually serve the Travel to Work Area
(TTWA). Current transportation systems will be improved and expanded along with cycle
and pedestrian routes. More Park and Ride facilities are to be built on major bus routes.
Additionally, “the capacity of the highway network will also be maximized by continuing to
employ state-of-the-art network management technology.”
Development will be done in a sustainable manner with “good urban design.” They want
development that creates a healthy and safe environment that benefits the surrounding area.
Also, it is pointed out that development should decrease its environmental impact through
“water use, materials and waste, as well as recycling of materials and sourcing materials
locally.” To ensure sustainable homes, the re-use of brownfield sites within the city will be
encouraged and Greenfield sites will only be built up if doing so creates “sustainable linked
neighborhoods.” Also, development will have a mixed housing (type, size and tenure)
requirement.
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The LDF also presents a sustainable waste management scheme that includes new facilities at
strategic sites, with more local recycling and composting sites. An estimated 770,000 to
1,324,000 tonnes of waste will be produced. By 2016, 124,000 to 174,000 tonnes of that
waste will be recycled or composted. Also, a system for recycling waste produced by
construction and demolition is called for. Waste reduction and re-use will be encouraged in
general to meet the national waste targets of:
1. Recycle or compost at least 30% of household waste by 2010 and 33% by 2015
2. Recover value from 45% of municipal waste by 2010 and 67% by 2015
3. Reduce landfilling of industrial and commercial waste to 85% of the 1998 level by 2005
4. Landfilling of biodegradable municipal waste reduced from 1995 level to 75% by 2010
and 50% by 2013
The City Council will also raise awareness and educate the public on issues of waste
management and minimization. The goal is for Plymouth to be almost self-sufficient in
waste management.
The city of Plymouth is committed to creating a development plan that increases the area’s
resilience and decreases its contribution to climate change. To do this the LDF’s objectives
have been laid out to protect the city’s green spaces and coastal environments, conserve
biodiversity through habitat restoration, reduce non-renewable resource consumption,
increase use of renewable energy, develop in brownfield areas, and manage flood risk. The
targets set to achieve this are to protect 100% of green spaces from “inappropriate”
development and guarantee no net loss of biodiversity. Plymouth also plans to follow the
renewable energy requirements that 151 MW of electricity production comes from landbased renewable sources by 2010, as stated by the Devon Structure Plan. Any development
in higher flood risk areas has to show that it contributes to sustainable development and has
provisions for surface water runoff management.

Changes in defense policy has hurt the economy of the Devonport dockyard recently, thus the
Devonport Area Action Plan (AAP) and this core strategy outlines steps to be taken to
compensate for the area’ recent economic decline. There clearly will be a push towards
greater economic development for the area, therefore.
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South East (Guildford)

The South East region of England includes Berkshire, Buckinghamshire, East Sussex,
Hampshire, Isle of Wight, Kent, Oxfordshire, Surrey and West Sussex. This report looks at
the region’s capital, Guildford. Guilford Borough is located in south-western Surrey. It
includes the towns of Guildford and Ash and Tongham. The town of Guildford contains the
University of Surrey and is surrounded by the natural features which greatly influence the
city’s development. The River Wey and the Surrey Hills Area of Outstanding Natural Beauty
are to the southeast and southwest, the valley of the Wey is to the south, Clandon Park is to
the east and common land is to the west as well as Whitmoor Common to the north. The
Guildford Borough Council drew up their core strategy (Guildford’s Core Strategy) as a part
of the Guildford Development Framework (GDF). The GDF concentrates on sustainable
development and “seeks to balance environment, economic and social needs for land and
buildings…[and] is about meeting the needs of the present without compromising the ability
of future generations to meet theirs”.

The Core strategy proposes all new building on previously developed urban land such as
Guildford Town Centre, as this is the most sustainable. The only exceptions are areas with
access to public transportation. All designated family housing has a private garden area.
Requirements and guidelines set up for the development of new housing include a preference
for conversion over demolition, increasing the standard of design, and including a good mix,
size, type and density in new dwellings. There is a proposed increase in the percentage of
required affordable housing. Also, up to 20% of poorly located employment land and
buildings will be converted to residential. Plans to implement sustainable diversification of
the rural economy are proposed.

In the area of transport, the plan is to encourage cycling, walking and public transportation by
not developing in areas without access to one or all of these sustainable modes. Also, the
area will follow the development of the Airtrack Scheme, including a direct rail link between
Guildford and Heathrow. To reduce traffic the plan is to improve public transportation,
create safe cycling and walking routes, set a maximum parking number for new
developments (see Vehicle Parking Standards Supplementary Planning Document) and build
new Park and Ride sites.
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The council plans to not allow changes to the Green Belt and to “conserve the Surrey Hills
Area of Outstanding Natural Beauty… to protect sites of Special Scientific Interest, Sites of
Nature Conservation Importance, Special Protection Areas and Special Areas of
Conservation and safeguarding protected species”. Any building in the Green Belt that is
replaced cannot be replaced by a larger structure and any extensions will be closely
monitored. Also, the core strategy plans on developing the “most energy efficient and
sustainable buildings and sites achievable” (Council’s Sustainable Development and
Construction Supplementary Planning Document). In order to achieve this goal, all new
commercial buildings over 500 square meters and all new residential units will have to show
a 20% carbon savings beyond the requirements of Part L. A method of meeting this
requirement is use of combined heat and power. Furthermore, a proposed requirement is that
at least 10% of the building’s energy comes from on-site renewables.

In the construction of buildings companies may be required to use materials with low
embodied energy, and reduce energy used in transporting and replacing materials as well.
Sustainable construction techniques in general should be encouraged as well as the use of reused and recycled materials when possible. The council also will require a BREEAM and
Ecohomes assessment for qualified buildings with a score of at least “very good”; they will
also be required to submit a Guildford Borough Councils Sustainability Checklist.

London (Westminster)

The borough of Westminster is located next to the City of London, just north of the River
Thames. The City of Westminster is located in Central London and makes up the bulk of the
area of Central London, making it an ideal selection for representation for London in this
report. The requirements for sustainable development in Westminster were very straight
forward in their core strategy. The LDF for Westminster will expand on the current Unitary
Development Plan by making certain sustainable development requirements encouraged in
the current plan mandatory. An example given in the core strategies is to require both new
commercial and residential scheme to have low carbon energy sources. Another possibility is
a mandatory incorporation of Sustainable Urban Drainage Systems within the area. Unique to
Westminster requirements is that the core strategy may require living roofs in areas that it
deems appropriate. In general, Westminster planning authorities hope the requirements of the
core strategy will decrease the effects of “noise and air pollution, improve energy efficiency,
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build in adaptations to climate change…[and] have positive effects on health over time.” The
possibility of immediate negative economic effects from these requirements is recognized as
something to discuss and explain to businesses and developers. However, the area hopes to
attract new businesses by developing employment buildings with increased efficiencies and,
therefore, cheaper operating costs.

The mayor of London has announced a goal of a 20% reduction in carbon dioxide emissions
by 2010 on the way to a 60% reduction by 2025. Thus, the core strategy of Westminster
concentrates on methods of generating more renewable energy. The council does not want
wind turbines if they generate noise pollution; therefore, other technologies are more
welcome. The Westminster core strategy suggests a requirement that a specific percentage of
a new building’s energy comes from on-site renewables to reduce the city’s emissions.
However, the city contains many historical buildings and increasing the efficiency of such
structures is a key challenge for the area. Additionally, community combined heat and
power stations may also be required on large development sites.

In regards to waste management, the planning authorities do no see an economically viable
site for disposing waste near the city. The only option proposed is to “reach agreement with
other boroughs and the Mayor of London… [that] Westminster will be unable to dispose of
all its waste within its own boundaries for the foreseeable future.”

With regards to transport, the city of Westminster is seeking to reduce the use of personal
vehicles through a number of means listed in their core strategy. As the city already has a
far-reaching and competent public transportation system, there are other methods of
discouraging personal vehicle use. One such example would be the requirement of car-free
housing developments within the city which would then encourage the use of public transport
in addition to cycling or walking.

The local planning authorities are weighing the costs and benefits of allowing more
businesses. The obvious economic benefit of more jobs is balanced against the possible
increase in materials, water and energy demand as well as traffic, waste and the loss of
available housing. To outweigh the costs, the core strategy proposes an increase in
sustainable development and restrictions on available parking.
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As with many other regions there is a stressed need for affordable housing. The core strategy
for Westminster has a required contribution for affordable housing in all developments and is
unique in that it makes affordable housing requirements based on a floorspace fraction rather
than a unit-based fraction. The commercial development will also see a requirement of
affordable development as there are specifications in the Westminster core strategy
demanding affordable business space in additional to affordable residential areas.

4. Conclusions

These conclusions focus on aspects of the municipal plans that are shared by several planning
authorities, indicating policies or goals that might be expected to create a significant market
across multiple municipalities as the various sustainability plans are put fully into effect.

Sample Business Recommendations

A similarity found in the LDFs of multiple municipalities is the plan for improved public
transportation as well as promoting cycling and walking. Planning, creating the
infrastructure, and maintaining or operating any alternative transport options presents a
potential opportunity for related businesses or innovators. Biking and walking are being
encouraged in many different municipalities. As more people begin to cycle and walk new
services are going to increase in demand. Bicycle shops offering rentals, purchases and
repairs may find a growing market. If the city councils are serious about encouraging biking,
a company that provides a means to get bikes to the general public cheaply might be
welcomed to an area. For example, a low-cost public bike rental system, such as that in
Paris, with high-tech bicycle stations seems a market need.

The Code for Sustainable Homes is an environmental impact rating system for housing in
England aimed at promoting energy efficiency and sustainability. The system was introduced
as a voluntary standard in England in 2007 but, in March 2008, the UK government made it a
mandatory requirement for all new homes to be rated from May 2008. The code works by
awarding new homes a level rating from 1 to 6, based on nine categories of criteria:


Energy and carbon dioxide.



Water
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Materials



Surface Water Run-off



Waste



Pollution



Health & Wellbeing



Management



Ecology.

All new homes are now required to be tested by the Code for Sustainable homes and the
result made public; however, there is no minimum national requirement. However, as
exemplified in the South West city of Plymouth, there are increasing municipal requirements
that a significant fraction of all new homes meet the lifetime homes standard. The following
are the requirement for a house to qualify as a lifetime home:


Where there is a car parking adjacent to the home, it should be capable of enlargement to
attain 3300mm width



The distance from the car parking space to the home should be kept to a minimum and
should be level or gently sloping.



The approach to all entrances should be level or gently sloping.



All entrance should:be illuminated, have level access over the threshold and have a
covered main entrance



Communal stairs should provide easy access and where homes are reached by a lift, it
should be fully accessible



The width of the doorways and hallways should conform to specific dimensions found in
the Lifetime Home Standards checklist



There should be a space for turning a wheelchair in dining areas and living rooms and
adequate circulation space for wheelchairs



The living room should be at entrance level.



In houses of two or more stories, there should be space on the entrance level that could be
used as a convenient bed-space.



There should be a wheelchair accessible entrance level WC, with drainage provision
enabling a shower to be fitted in the future



Walls in bathrooms and toilets should be capable of taking adaptations such as handrails.
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The design should incorporate provision for a future stair lift and a suitably identified
space for a through-the-floor lift from the ground to the first floor



The design should provide a seasonable route for a potential hoist from a main bedroom
to bathroom



The bathroom should be designed to incorporate ease of access to the bath, WC and wash
basin



Living room window glazing should begin at 800mm or lower and windows should be
easy to open/operate



Switches, sockets, ventilation and service controls should be at a height usable by all.

Each of these features is a potential driver of the building construction market in
communities.

Municipalities are also increasingly calling for carbon savings beyond the requirements of
Part L of 2006 Building regulations. This would require obtaining at least 4 credits, which is
between a level 2 and level 3 in Code for Sustainable Homes. To rise to Level 3, a home will
need to be 25% more energy efficient. This will require investment in a few of the following
suggestions: limiting heat loss building fabric, energy efficient internal lighting, space for
drying clothes, energy efficient ‘white-goods’, low carbon energy technologies, cycle storage
areas, and the creation of ‘home offices.’ Any businesses with such products would be
interested in Guildford’s LDF.

BREEAM
The website for BREEAM says that “The BREEAM family of assessment methods and tools
are all designed to help construction professionals understand and mitigate the environmental
impacts of the developments they design and build.” Since BREEAM addresses the different
stages of the construction process, the requirements for meeting BREEAM standards by the
diverse group of municipalities using BREEAM as the target-setting mechanism will provide
a market driver toward specific business and innovators who would meet a specific
BREEAM requirement. Such aspects of BREEAM that will be increasingly important in
municipal development are the materials used in the construction of new buildings,
specifically the life-cycle analysis of those materials; the design of the buildings for passive
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solar gain and low U vale walls and glass; and the operational features of the buildings. Some
specific points for BREEAM buildings that will be significant market drivers are as follows.

Management


Best practice commissioning



Policies implemented at top level management



Effective, used and maintained operating manuals



Operational Environmental Management system

Health and Wellbeing


Heating



Lighting



Air quality



Noise

Energy


CO2 emissions



Low energy lights



Metering



‘A’ rated white goods



Energy management

Transport


The location of the development



Parking and cyclist facilities



Access to public transport and local amenities



Implementation of travel plans

Water


Water efficient appliances



Water metering



Leak detection systems



Water butts
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Material and Waste


Materials with a low embodies energy i.e. ‘A’ rated in the Green Guide to Specification



Buildings where part or all of an existing building is being re-used



Responsibly resourced materials



Use of recycled materials

Landuse and Ecology


Is it brownfield or are you rededicating a contaminated site?



Can you make any ecological enhancements?



Are you protecting or endangering existing ecological features?



Are you making the best use of your building footprint?

Pollution


Refrigerants and insulation with a low global warming potential



Space heating with minimum Nox emissions



Building in a low flood risk area and attenuation of surface water run off



Good practice in terms of oil interceptors/filtration in car parks and other risk areas.

Municipalities that have Very Good or Excellent BREEAM rating requirements, such as
Liverpool and the City of York, will be looking for innovations that would meet the
requirements stated above. For instance, innovators and providers offering water efficient
appliances would be more apt to find higher demand where there are necessary BREEAM
requirements.

Low Carbon Energy Sources

The requirement of low carbon emitting energy sources is a promising business opportunity
for innovators that would specialize specifically in providing this service. Green energy
providers would also find a niche in these regions of England that have low carbon energy
requirements, and those who provide renewable energy. Since all regions have a requirement
for low carbon energy for both new residential and new commercial developments, providers
of low carbon energy will be in increasing demand. Examples of low carbon energy include
any form of renewable energy, such as solar panels, tidal energy, bioenergy and fuel cells.
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Innovators and providers in these areas would therefore find an appropriate niche in the
different regions of England, working at least with the specific municipalities mentioned due
to meet the requirements of their Local Development Frameworks.
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Liverpool

New Castle

York

Melton
Borough

Coventry

East
Cambridgeshire

Guildford

Plymouth

Westminster

low energy from
new residential schemes

yes

yes

yes

yes

no

yes

yes

yes

yes

low energy from
new commercial schemes

yes

yes

yes

yes

no

yes

yes

yes

yes

low carbon energy for
new commercial construction

yes

yes

yes

yes

yes

no

yes

yes

yes

low carbon energy
for residential construction

yes

yes

yes

yes

yes

no

yes

yes

yes

Sustainable Urban
Drainage Systems

no

no

No

no

no

no

no

yes

yes

Climate change
adaptable buildings
living roofs required

yes
no

yes
no

yes
No

yes
no

no
no

no
no

yes
no

no
no

yes
yes

On site renewalbles
requirement

no

yes

yes

yes

no

no

yes

yes

yes

requirement for combined
heat and power
Car free housing developments
develop town centre

no
no
yes

no
no
yes

yes
No
yes

no
no
yes

no
no
yes

no
no
yes

yes
no
yes

no
no
yes

yes
yes
no

Increase percentage
of affordable housing
New recycling facilities
new waste facilities

yes
no
no

no
yes
yes

yes
No
No

yes
no
no

yes
yes
yes

yes 70%
no
no

yes
no
no

yes 25%
yes
yes

no
no
no

Required BREEM rating

"high
score"

"very good"
or
"excellent

"very good"
after 2015
"excellent"

no

no

no

very good

no

no

no

5 stars
after 2015

no

no

no

no

20% = lifetime
homes standard

no

solid
protection
no
no
no
no
yes

maintain
until 2029
yes
No
No
no
yes

maintain
with rural
no
no
no
yes
yes

preservation
yes
yes
yes
no
yes

preservation
no
no
no
yes
no

limited
development
yes
no
yes
yes
airtrack scheme

preservation
ye
yes
yes
no
yes

no
no
no
no
no
no

Required code for
Sustainable homes rating

Green Areas
cycle and walking routes
bus lanes
new park and ride sites
rural economic diversification
public transport

"high
score"
equal
acess
to parks
and green
space
no
no
no
yes
yes

A summary of the sustainability measures proposed by the municipalities reviewed in
this section.
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Environmental Innovation
Lead authors: William Bobbitt, Nathaniel Horowitz and Beth Ervin

1. Introduction and Methods

International research and development is focusing on technological innovations and ideas
dealing with energy, water, agriculture, and sustainable design that could be important in the
future. In the early stages of the current work, we met with local experts and entrepreneurs to
become aware of their recent pursuits in addition to performing our own web-based research.
We also investigated other sources around the world, such as leading technical universities
and private sector contacts. The gathered information was then reviewed with respect to its
potential to contribute to the development of sustainable communities. We looked for high
risk, high return ideas that, if successful, would have an enormous positive impact on
sustainability and the market.

To assess the technologies, we organized our findings into a qualitative ranking system based
on categories such as impact on society if developed, development progress, resources
required, population affected (location, sector, size, etc.), and possible negative
consequences. We compiled a list of nine hot topics in environmental innovations, pared
down from an initial list of 26, to discuss in detail: ocean manipulation, novel solar power
innovations, carbon capture technologies, water quality improvements, thermoelectric
materials, alternative fuels for aviation, tidal power, electric car batteries, and digital
displacement technology. In order to understand the background of each development, we
include information on the persons responsible for the technology as a precursor to
addressing its intricacies and the assessment on the five categories previously mentioned.
The following are our 10 resulting white papers and assessment table.
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2. Marine Technology: the new Wave of Carbon Capture

Introduction: A highly controversial idea to combat global climate change is to engineer the
ocean in some way to augment its ability to sequester carbon. Intensive research is still
required to determine the effectiveness of oceans as a carbon sink for an indefinite period of
time, but some results are promising and have prompted innovative research by universities,
individuals, and businesses. American institutions such as MIT, Columbia, Harvard, and
Pennsylvania State have investigated technologies that inject carbon dioxide miles
underwater, and others that speed up chemical weathering. The Ocean Nourishment
Corporation, an Australian for-profit organization, has proposed massive urea dumps in open
water to spur phytoplankton growth. Along the same lines, Atmocean, Inc. has devised a plan
to stimulate growth in populations of salps, gelatinous marine animals that eat plankton and
produce fecal pellets that transport the carbon to the bottom of the ocean. The last innovation
examined involves large tubes that enhance mixing between surface and deep ocean water.
This brings nutrients to the ocean surface. promoting phytoplankton growth without requiring
the addition of nitrogen and iron.

Technology: Research at MIT, Columbia, and Harvard universities is expanding on the idea
to propel masses of carbon dioxide from power plant emissions into the deep sea. It is
suspected that freezing temperatures and intense pressure will trap the carbon dioxide gas
into a liquid denser than the water above. Another route would be to put it in the sediment
near the ocean floor; it is hypothesized that sediments along the U.S. coastline “may be
sufficient to store the nation’s annual carbon dioxide emissions for thousands of years”.1 In
order to transport the gas, pipes would have to be constructed from either a platform or a ship
down through thousands of meters of ocean.

The Ocean Nourishment Corporation (ONC) has proposed and developed the means to
deploy tons of urea, a nitrogen compound used in fertilizers, into nutrient-depleted seas in
order to stimulate phytoplankton blooms that would sequester atmospheric CO2. When
implemented on a larger scale, ONC proposes building costal factories to pump urea
produced from natural gas to the edge of the continental shelf. The phytoplankton will then
be consumed by fish and zooplankton, and the carbon dioxide will fall to the bottom of the
ocean when the animals perish.2
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Expediting chemical weathering by replacing the processes involving carbonic acid, which is
found naturally in the ocean and rainwater, with hydrochloric acid could boost oceans’
alkalinity and stimulate the sequestration of CO2 from the atmosphere, while also reversing
the trend of ocean water acidification that is threatening coral reefs world-wide. Scientists at
Harvard and Pennsylvania State have accelerated the natural weathering process, which
involves bicarbonate salts from alkaline rocks dissolving in ocean water to reduce the
acidity.3 Atmospheric carbon dioxide dissolves in fresh water to form the carbonic acid
which induces this process when it rains. The researchers propose using solar energy to split
seawater for hydrogen ions that would then be combined with chlorine to form hydrochloric
acid, a stronger alternative to carbonic acid.1 The acid would then be sprayed onto rocks to
release their alkaline materials before flowing into the ocean and increasing alkalinity. This
would cause more carbon dioxide from the atmosphere to react with seawater and move the
water closer to neutrality.

The innovative Atmocean, Inc. has a plan to grow salps, as previously described, to eat
phytoplankton and sequester the embedded carbon in large fecal pellets that sink to the ocean
floor.4 First, a phytoplankton bloom would be projected and then the salps would swarm the
area for feeding. Atmocean plans to bring nutrient-rich water from deep in the ocean to mix
with water at the surface to stimulate these blooms. The large, 200m deep tubes would be
positioned 2 km apart across 80% of the world’s oceans and are expected to have the
potential to double the oceans’ current ability to sequester carbon.

James Lovelock and Chris Rapley have proposed an idea very similar to this, but suspect that
the resulting blooms of phytoplankton will produce a compound called dimethyl sulfide.
Dimethyl sulfide aids in cloud formation, which would reflect solar radiation and decrease
the overall temperature of the Earth.5

Impacts Assessment: The impacts of all these ocean technologies focus on increasing the
ocean’s ability to sequester carbon from the atmosphere. Only the first and last innovations,
proposed by researchers at MIT, Columbia, and Harvard and by James Lovelock and Chris
Rapley, use the ocean for something else. The idea for propelling carbon into the depths of
the sea would solve the issue of where carbon captured from power plants should be stored.
The plan of Lovelock and Rapely uses phytoplankton for the formation of clouds, reducing
the impact of solar radiation on global temperatures. Three hinge on the fact that the ocean
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currently holds one third of the carbon produced by humans, and any way to increase its
potential to soak up more would be beneficial.

Development Progress: Progress to date is summarized in the table below.

Injecting carbon dioxide into the

-

In research phase, no patents

-

ONC has international patent

-

Completed test dump of one ton

-

Further plans to test 1,000 tons

-

Mixed support from Philippines government

-

Large dissent from groups such as World

deep sea
Fertilizing ocean with urea

Ocean Heritage and the London Convention
Expediting chemical weathering

-

In research phase, no patents

Salp growth

-

U.S. and international patents pending

Phytoplankton-based cloud growth

-

In research phase only

Resources Required: Many of the projects discussed will require vast sums of capital to
achieve their desired goals. For example, Atmocean says it is imperative to cover 80% of the
ocean with its product in order to see the necessary effect. The economic issue also raises
skepticism of the feasibility for the chemical weathering project. Solar plants would cover
much of the South Pacific and Alaskan archipelago, and that energy could otherwise be used
in the energy grid.

All of the projects require investment for further development, but only ONC seems to have
enough startup capital for the initial experimentation. As it has completed a small-scale test,
its marketability rests on the results of the larger-scale experiment. However, questions
remain whether they can raise funding to complete the project and receive political support
from the Philippines for the go-ahead.

Population Affected: All projects dealing with ocean fertilization will have the greatest direct
impact on coastal towns and communities. The plants, construction, ships, and fish stock
changes will all center around these areas, either negatively (potentially destroying the
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marine habitat) or positively (providing employment). On a larger scale, the ocean projects
have the potential to solve global climate change if proven effective, which in turn greatly
impacts everyone on Earth.

Negative Effects: The more evident potentially negative impacts are provided in the table
below.

Injecting carbon dioxide into

-

Concentrated doses could alter water chemistry

deep sea

-

Destroy sensitive marine animals

-

Power plants retrofitted with carbon capture devices

-

Costs of propelling carbon dioxide into the water
through pipes, platforms, ships

Fertilizing ocean with urea

-

Potentially alter ocean chemistry

-

Costal nitrogen can induce toxic algae blooms

-

Debris may not sink into the deepest waters

-

Marine ecosystem troubles impact hits local villages
hardest

Expediting chemical

-

weathering

Large resource requirement (real estate, money,
energy)

-

Effects of highly alkaline seawater on marine life are
unsure

Salp growth

Phytoplankton cloud growth

-

Shipping hazards

-

Consequences to marine ecosystems

-

Legal issues with international waters

-

Validity of research is questioned

-

Bringing water into the atmosphere would release
CO2 that is already sequestered in the ocean

-

Temperature changes in water can impact marine life

Endnotes:
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3. Solar Power: On the Horizon

Introduction: There are many developments in solar energy technology that could improve
efficiency, concentration of energy, workable surface area or total energy obtained. Several
of these breakthrough innovations are currently being marketed, including solar dyes by
Dyesol, CIGS nanoparticles by NanoCo, organic paneling, power fibers, bifacial cells, and
tandem cells by Konarka, and very high frequency (VHF) plasma deposition by Flexcell. All
of the technologies except bifacial cells and tandem cells have obtained patents but still need
major investment to reach the market.

Technology: Dyesol has introduced a dye solar cell that consists largely of nanoparticulate
titania, an Iodine-based electrolyte, and a monolayer of dye. It differs from a standard
photovoltaic (PV) panel because it is a photoelectrochemical cell, which separates charge on
an interface between the semiconductor and electrolyte; it has a nanoparticulate porous film,
not as dense as silicon and more flexible. It is not a “light sponge” like a nanoparticulate cell,
it is a dye-sensitized cell, where the dye monolayer absorbed onto the semiconductor is the
absorber of sunlight and electron injections from a dye molecule generate free charge carriers
when exposed to visible radiation.1

NanoCo claims to have found solutions to the problems that hamper current PV panels:
absorption wavelength and conversion efficiency. The innovative panels containing CIGS
nanoparticles differ from the currently manufactured models by converting solar energy
directly into electricity, even at very small amounts of solar radiation. The nanoparticles are
applied in a thin layer on a hard surface and are much more flexible than current models.2

Konarka has many breakthrough technologies under development, such as organic panels,
power fibers, bifacial cells, and tandem cells. Its third generation, organic cells are designed
to be more flexible and disposable than the current PV panels, and they are working to
improve efficiency to rival that of silicon wafers. Konarka’s “Power Fiber” is an innovation
that will help harness solar power through fibers. Its bifacial cell development is working
toward creating a double-sided technology that will remain transparent. Konarka’s last
advanced technology is tandem architecture, which involves stacking subcells in order to
increase efficiency. They are currently working to surpass 15% efficiency with this method.3
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Flexcell has developed a new wave of PV panels that are expected to enable a depositing rate
five times that of current panels. The very high frequency (VHF) plasma deposition
technique uses a film that is very useful for light-weight application and for circumstances
with varying size constraints.4

Impacts Assessment: The implications inherent with a dye solar cell are that the
price/performance ratio should be low enough to rival fossil fuel electricity. The dye
technology is made with cheaper materials but does not convert with the same efficiency as
traditional panels. With large scale production, the affordable and flexible dye technology
could be promising for smaller projects, such as in residential areas.5

The utilization of CIGS nanoparticles is useful because it opens doors to cheaper, more
efficient production with the benefit of increased flexibility. When implemented on a larger
scale, nanoparticle technology could be a solution for making solar energy competitive on the
market with fossil fuels. Another idea is that electricity can be created from even low levels
of solar insolation, which could assist in reducing the cost of the conversion necessary to link
to the grid because there is a more constant stream of electricity from the site.2
Konarka’s developments, organic panels, power fibers, bifacial cells, and tandem cells, will
all contribute to the practicality of solar panels in different ways. Organic panels made by
Konarka are achieving greater efficiency than the standard 6.5% reached by the average
organic panel, and are both more flexible and less expensive than silicon PV panels. The
power fiber technology has great potential, depending on what lengths it is developed. With
solar energy being harnessed by fibers, the current capability seems somewhat trivial now
(e.g. solar shirts, pants), but with more imagination the possibilities are great. Bifacial cells
are not unique to Konarka, but with a patent the technology could be greatly developed in
situations with unique building envelope needs. With more development, bifacial cells will
be very effective in multi-used spaces with solar radiation received from both sides.
Konarka’s tandem cells would increase solar energy efficiency and, again, help propel
renewables into the market.3

The flexible, lightweight cells made by Flexcell are applicable to situations where current
silicon PV panels are too bulky and difficult to install. Also, the very high frequency plasma
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deposition technology aids in making the cells able to harness five times more energy than
traditional panels, boosting their effectiveness in the market.4

Development Progress: All of the products portrayed in this white paper are in production or
have received patents except Konarka’s bifacial and tandem cell technologies. Dyesol,
Flexcell, and NanoCo have all begun production of their products on a small scale, but
Konarka is still working to produce its organic panels and power fiber technology with
efficiency high enough to become competitive in the energy market.

Resources Required: Konarka is the company that would benefit most from increased
funding, as none if its novel panels or technologies have begun to be mass-produced. The
other organizations have products available for purchase, but none are currently viable for
making solar a success in the market. With increased funding, all of the companies could
reduce the cost of manufacture by transforming the technology into a widely used alternative
source of energy via mass production.

Population Affected: All of the solar energy technologies mentioned have the potential to
affect a large number of people depending on the scale at which they are adopted. In an area
with adequate solar radiation, these technologies could help bring a new wave of alternative
energy to the forefront, especially if aided by a government body to compete initially with
fossil fuels in the market.

Negative Effects: Very few negative effects are associated with these technologies, except
the unavoidable use of materials. However, the fact that all of the aforementioned
developments are more flexible and require less capital to manufacture makes them an
improvement to the costly, bulky range of traditional PV panels.

Endnotes:
1

Dyesol, Dyesol Tiles and Panels (2008) at www.dyesol.com/index.php?page=

SolarTiles.
2

NanoCo Technologies Limited, CIGS/CIS nanoparticles (2008) at www.nanoco

technologies.com/content/AdvancedMaterials/CIGSCISNanoparticles.aspx.
3

Konarka Technologies, Incorporated, 3rd Generation Technologies (2008) at

www.konarka.com/index.php/site/tech_solar/.
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4

Flexcell, A new generation of solar modules (2008) at www.flexcell.ch/index.php?

option=com_content&task=view&id=13&Itemid=28.
5

Solaronix, SA, Dye solar assembly instructions (2008) at www.solaronix.com/

technology/assembly.
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4. Carbon Capture: Think Membranes

Introduction: Carbon capture from the atmosphere is currently one of the most popular
topics in climate change science. Apart from Dr. Klaus Lackner’s plan to trap carbon dioxide
from the air through ion exchange in solution, carbon diffusion membranes are an option for
this operation. Memfo, in conjunction with the Norwegian University of Science and
Technology and Nanostructured Membranes against Global Warming, has developed through
EU-funded research a unique membrane that will replace current carbon dioxide capture
methods in use at coal and natural gas power plants.

Technology: The composite membrane consists of either single polyvinylamine (PVAm) or a
blend of PVAm and another polymer material in solution. It is cast on a support, such as
polysulfone (PSf), and then dries in a process that augments cross-linking. Several
characteristics have an effect on the final structure: molecular weight of PVAm, support
porosity, drying and post-treatment settings (temperature and time), concentration of casting
solution, and classification of cross-linking agent.1

The membranes utilize a facilitated or carrier mediated transport to capture the carbon
dioxide. This creates a reversible chemical reaction in addition to the diffusion process. The
transport membrane carries amine groups as fixed-site-carriers (FSC) where the reversible
reaction occurs, forming bicarbonates from carbon dioxide and water molecules. The
bicarbonates then move through the membrane, to the permeate side, and release CO2. These
carriers, together with water molecules, form the bicarbonate at a rate similar to that of
mobile carrier membranes, simultaneously avoiding the problem of degradation that
commonly hinders liquid membranes.2
Several other benefits associated with the process are:
 Cross-linking agent, ammonium fluoride, increases alkalinity of water molecules and
affinity for CO2, which in turn increases concentration of bicarbonate and transportation
of carbon dioxide


Hinders diffusion of non-polar gases (ex. methane, nitrogen)



Provides greater CO2 permeance and selectivity of CO2

130

Impacts Assessment: The membranes will have a great impact in reducing the carbon dioxide
emissions associated with coal and natural gas power plants. As energy production is the root
of one third of worldwide carbon emissions, the membranes offer an economical alternative
to the costly chemicals currently used to remove carbon dioxide from other gases. The
productivity of the Memfo membranes increases proportionately with the concentration of
CO2, and the structure can be shifted to fit the high pressure of natural gas sweetening
applications or low pressured flue gas capture, thus making it applicable to an array of plants.

This technology has the potential to reach into other sectors as well. As NTNU professor
May-Britt Hägg says, “… we are testing this method to purify CO2 from laughing gas in
hospitals, and the results are promising.” The membranes have the potential to be used for
any type of carbon dioxide purification.3

Development Progress: As mentioned, the research being conducted for these membranes
was funded by the European Union. Memfo has since received an international patent and
joined a project named Nanostructured Membranes against Global Warming. This project
consists of 26 European businesses and institutions joined in efforts to develop and
effectively market environmentally friendly products. Both American and European
manufacturers have shown keen interest in incorporating the carbon diffusion membranes.

Resources Required: Memfo has developed the technology and has been granted an
international patent for its work, therefore moving it toward production. However, funds are
needed to market the product and secure contracts with plants around the world. The cost of
retrofitting natural gas and coal fired plants is significantly reduced compared to the
expensive methods now used to reduce power plant emissions. To move to field application,
investment is required because the European Union funded only the research and not the
implementation. Funding is also needed in order to further develop the membrane for uses
in other sectors. If these projects are launched, the return could be great.

Population Affected: The carbon diffusion membrane will affect populations worldwide in
the long-term if adopted, due to a more efficient curbing of carbon dioxide emissions. In the
short-term, the primary market will be coal and natural gas power plants. The buyers differ
depending on whether the industry is private or public and if the technology can be fitted for
other uses.
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Negative Effects: There are minimal negative effects associated with this technology,
although an environmental impact assessment for the manufacturing process has not been
conducted. The businesses specializing in the chemical processes currently used will be
harmed economically, but an entire new field will develop as a result.

Endnotes:
1

Engineer Live, New membranes design will improve carbon dioxide capture (2008)

At www.engineerlive.com/international-oil-and-gas-engineer/environment-solution/19942/
new-membranes-design-will-improve-carbon-dioxide-capture.thtml.
2

MEMFO R&D Group Department of Chemical Engineering at the Norwegian

University of Science and Technology; Trondheim, Norway, Membrane research in MEMFO
(2008) at www.chemeng.ntnu.no/memfo/memfo1.pdf.
3

Norwegian University of Science and Technology, Membrane Technology

Laboratory (2008) at www.ntnu.no/engas/labs/mt.htm.
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5. RNA-based Water Treatment

Introduction: A new approach to a tool normally used in medical research could become a
way of removing pathogens from water, even in geographic areas that do not have water
treatment facilities. Sara Morey, a PhD candidate working in the lab of Claudia Gunsch at
Duke’s Pratt School of Engineering, presented her research results on June 3, 2008 to the
American Society of Microbiology. Using RNA interference (RNAi), Morey said “our data
showed that we could silence the action of a specific gene in a fungus in water, leading us to
believe that RNAi shows promise as a gene-silencing tool for controlling the proliferation of
waterborne bacteria and viruses.” In addition to helping the issue of improving the quality of
drinking water in underdeveloped countries, this method could treat water in more affluent
countries by becoming an alternative to current options, for example chlorine and ultraviolet
light.

Technology: Gene-silencing is the process of taking small sections of genetic material and
matching it to a corresponding segment of a gene on the target cell you are trying to inhibit.
When these sections of RNA enter the cell, they bind to the segment on the gene thereby
blocking the ability for the gene to be activated. The gene technology is well developed,
although applications in field-scale water treatment have not been developed.

Impacts Assessment: In theory, this technology has broad applications and the potential to be
used all over the world. If it is able to decrease or even replace the use of chemical treatments
like chlorine, the health risks associated with the chemical, the energy costs, and the overall
cost of water desalination and manufacturing may also decrease.

As far as assessing the waste or environmental impacts generated in the production and use of
this technology, it is really early in the research and not much is known. For instance, though
the final product is expected to be a filter of some sorts, nothing has been said about the
material of the filter or how many laboratories would need to be involved, or even the time it
takes to make a single filter. More research must be done before the development of the
product can happen.

A positive effect of these filters is in the possibility of limiting the use of chlorine and other
chemical additives. Chlorine, while effective in killing pathogens, has a smell and taste and
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can produce harmful disinfection by-products within the distribution systems if it reacts with
organic material. Lessening the use of this chemical would be limiting the risks associated
with chlorine use.

Development Progress: The experiments so far have focused on one gene of a particular
fungus, but Morey and Gunsch plan on continuing research looking at additional areas on this
fungus’s genome. They will also test the technology with the hope of blocking the genes
essential to the viability of any given pathogen. Gunsch predicts the first trial product will be
a filter with the sections of RNAi placed on it so that it can remove pathogens as water passes
through. She adds that the filter would probably need to be replaced periodically though it
may be possible to create a self-sustaining filter.

Resources Required: The resources needed for this technology are not known at this time.
Because the filters would need to be custom built for intended water source, the
manufacturing of the filters must be flexible as substrates, adding cost and time to their
construction. The RNAi technology will also have to be built with the site in mind, which
may mean more or less time constructing each depending on the contaminates found.

Population Affected: Morey is developing this technology with the hope of helping nations
and regions where water treatment infrastructures do not exist, but it can also be used, in
theory, anywhere in the world. The effectiveness of the technology is such that every filter
could be designed to clean region specific pathogens. Cost could be a limiting factor for
many reasons. Because the filters should be created with a water source in mind in order to
match RNA segments with specific microbes, tests would need to be conducted at that water
source. This can be an expensive and time intensive process that might overwhelm the ability
of some communities. Additionally, Gunsch predicts that the filters would need to be
replaced periodically, meaning more money would be spent in the upkeep of a given system.

Negative Effects: The studies conducted thus far have been focused on developing the
technology and not accessing the effectiveness of such a system. It is too soon to speculate on
whether the resources and energy put into the system will be justifiable given the work done
by the filters, but if they were found to be acceptable, this could be a good way of cleaning
water for less developed communities.
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Possible problems may also arise from the materials needed for the filters themselves. If the
RNAi can be placed on any type of material then no new manufacturing plants will need to
be built, but if the technology requires a new type of substrate then a facility to construct
these filters will have to be created. Waste disposal may possibly be an issue as well,
especially if the filters need needed to be replaced every so often. On the other hand, if the
RNA segments are able to sustain themselves, there would be much less of a worry. Another
downside of this idea is that if a new pathogen were somehow introduced into the water
system, the filters would have to be made again to be effective against the new disease agent.

Endnotes:
Merritt, Richard. Possible New Approach to Purifying Drinking Water. Duke University Pratt
School of Engineering. 3 June 2008 at www.pratt.duke.edu/news/?id=1364.
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6. Chlorine-tolerant Membranes

Introduction: A team of researchers has developed a membrane that is chlorine-tolerant and
should make simpler the process of water desalination. Benny Freeman from the University
of Texas at Austin worked with James E. McGrath of Virginia Tech University and Ho Bum
Park from the University of Ulsan in South Korea for over three years on developing a
membrane that can withstand the highly oxidizing effects of chlorine. They succeeded in
producing a chlorine-tolerant membrane made of sulfonated copolymers instead of the most
commonly used polyamide membranes [1].

Technology: The idea behind the new filter is making the process of desalinating water with
membranes more efficient and less costly. Currently in the purification of water, chlorine is
added to disinfect and stop biofilms from forming on the surface of membranes used in
cleansing the water. The chlorine must then be removed before the water can pass through
another round of membranes, typically polyamide membranes. These membranes are chlorine
sensitive and cannot endure the chemical even in small amounts and so the chlorine must be
removed, which is both a costly and energy intensive process. Then once the water has
passed these chlorine-sensitive membranes, it is re-chlorinated to continue purification. In
adding these sulfonated copolymer filters to the system, removing the chlorine is a step that is
no longer necessary in the water treatment process[1].

Impacts Assessment: The researchers see this new technology as helping reduce treatment
costs and environmental impacts. By using these new membranes, Freeman explains that
money will be saved by not needing as much energy. And “that energy,” he adds, “is often
generated from the burning of fossil fuels, which leads inevitably to the generation of carbon
dioxide. Therefore, if one can make desalination more energy-efficient by developing better
membranes, such as those that we are working on, one could reduce the carbon footprint
required to produce pure water.” [1].

Development Progress: The process of creating a sulfonated copolymers has been identified.
The steps of making the procedure more efficient and viable on a large scale are where
development is heading.
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Resources Required: The sulfonated copolymer membranes are based on a material known
as polysulfone. This material is readily available and has good mechanical properties as well
as being stable biologically, chemically, and thermally. Interestingly, it is conventionally
hydrophobic, making it an interesting choice for a water filter, but the researchers were able
to get around this tendency by changing the chemical structure and inducing hydrophilic
tendencies while keeping its ability to remove salts from water. [2].

Population Affected: This technology would be most immediately effective in current
facilities that desalinate water by dissolving chlorine, removing it, and then chlorinating
again, but it should also have benefits in any treatment plant that uses chlorine. Furthermore,
if taking out the de-chlorination/re-chlorination step decreases the cost of using chlorine in
desalination, the process might become more affordable for areas that do not have adequate
cleaning facilities. For those facilities that do not use chlorine, this technology would not be
very useful.

Negative Effects: While this technology should decrease the cost and energy requirements of
water desalination, it does not help with the issue of using chlorine in the first place. Even
though chlorine is an effective oxidizer good at cleaning and disinfecting water, there are
potential health risks involved with its use, especially in the production of disinfection byproducts when organic materials also are present..

Endnotes:
1

New desalination membrane skips the costly chlorine step. R&D Magazine:

Technologies & Strategies for Research and Development. 23 July 2008. at
www.rdmag.com/ShowPR~PUBCODE~014~ACCT~1400000100~ISSUE~0807~RELTYPE
~PR~ORIGRELTYPE~MS~PRODCODE~000000~PRODLETT~YI.html.
2

Park, Ho Bum Prof., Benny D. Freeman, Prof., Zhong-Bio Zhang, Dr., Mehmet

Sankir, Dr., James E. McGrath, Prof. Highly Chlorine-Tolerant Polymers for Desalination.
Angewandte Chemie. 4 July 2008. Vol. 120, Issue 32, pp. 6108-6113 at
www3.interscience.wiley.com/cgi-bin/fulltext/120695260/HTMLSTART.
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7. Turning Heat into Energy

Introduction: Joseph Heremans and Vladimir Jovovic, two researchers from Ohio State
University, have discovered a way of increasing the ability of thermoelectric materials in
converting heat into power. Increasing the efficiency of these substances may lead to
harnessing energy off of waste heat generated by many electrical and industrial devices.

Technology: Thermoelectric devices are similar to steam engines in the way water vapor is
used to move parts of a machine. Instead of vapor, heat is needed and it moves electrons
which can then be collected and turned into energy. Currently the efficiency of thermoelectric
materials is very low. Their coefficient of performance is measured by the following formula:
; where S is the thermoelectric power of the material, σ is the electrical
conductivities, ĸ is the thermal conductivity, and T is absolute temperature.

At best zT values so far have been limited to a value of 1, but to compete with current
mechanical engines that convert heat into energy, a value of 3 or 4 is considered necessary.
Until now, the limiting factor has been the amount of energy a given piece of material can
generate from a given input of heat at any given time.

Hereman and Jovovic, in order to increase the zT value, have taken lead telluride and added
small amounts of thallium. Lead telluride is identified as having a low Fermi energy, or
number of electrons that can turn heat into electricity. This advance, along with a calculation
done by Michigan State University professor Mahanti in 2006 showing resonance between
thallium and tellurium atoms, led the two scientists to mix small quantities of thallium with
lead telluride. After testing, the material’s efficiency increased to a zT value of 1.5 at 510˚C
and was shown most effective between 230 and 510˚C, the temperature range of many motor
engines.

Impacts Assessment: The possibilities in generating electricity from waste produced in
engines and other devices are enormous. The motors in vehicles, for instance, waste almost
2/3 of the fuel put into them and release this waste energy primarily as heat. If thermoelectric
materials are improved enough to harness this heat, a new kind of hybrid electric car could be
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built; one which uses significantly less fuel. It could turn heat into electricity which could
then be used to power the car.

If electric appliances, computers, coffee makers, and refrigerators for example, were able to
generate some of the power needed to run, there would be less of a demand on large electric
facilities. This would put less of a demand on traditional sources of fuel like oil, coal, or gas
thereby reducing the impacts of harvesting the materials, the use, and the carbon output from
each power source.

Development Progress: To get to the necessary zT value for generating electricity, a lot more
research must go on. Thermoelectric materials have been around for decades but it is only
now that a way of increasing the zT value has been achieved. In this experiment, different
compounds were combined based on the resonance of electrons between the two elements,
but earlier this year a different method was used achieving similar results. Zhifeng Ren from
Boston College in Massachusetts reached a zT value of 1.4 by altering the crystallaline
structure of bismuth antimony telluride. This was done to decrease the rate that heat flows
through the material. The importance of these results as said by Jovovic is “that our approach
can be used together with the approach used by Zhifeng Ren… The upper limit of zT is hard
to estimate, but it is clearly much higher then 1.5.”

Resources Required: Lead telluride is a naturally occurring mineral known as altaite but it
can be manufactured and produced in mass quantities. Thallium is also naturally occurring
and able to be manufactured.

Population Affected: If the zT value can be increased to such a level to match and surpass
current machines turning heat into electricity, this technology can be used in a number of
electrical devices. More than likely the benefits would be felt more in countries and places
that are already using a high number of electrical devices, but it would have benefits for
smaller communities as well, provided there was a need for electric motors and machines.

Negative Effects: Thallium is very toxic and contact with skin is dangerous as it is very water
soluble and absorbs into the skin quickly. Its ability to affect people once mixed with lead
telluride is unknown, but the ability to penetrate skin suggests at least a potentially for risk.
The manufacturing of the element is also dangerous and proper facilities would need to be
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built or updated to deal with the chemical. Lead and tellurium are also toxic. It will be very
important to assess the risks associated with using these materials.

Endnotes:
1

Barras, Colin. Material that turns heat to power gets efficiency hike. New Scientist

Tech Magazine. 24 July 2008. at technology.newscientist.com/channel/tech/motoringtech/dn14398-material-that-turns-heat-to-power-gets-efficiency-hike.html.
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8. New Fuel

Introduction: The rising prices of fuel and the growing concerns over carbon emissions have
a created a flurry of activity in finding an alternative fuel source for the expected growth in
aviation. Producing suitable substitutes has proven more difficult then expected as there are
several issues that must be considered. The first is the energy density of the fuel. Jet fuel must
have high energy density to reduce the space that is allotted on a plane; it needs to be able to
complete its journey with the amount of fuel in its tanks. Ethanol made from either corn or
soybeans does not have the energy density that is necessary for aviation fuel, nor do they
have a boiling and freezing point that is acceptable. Another consideration is in the emissions
of the fuel. The amount of carbon dioxide created from production to use must be taken into
account as well as particulate matter. One other concern is in the amount of land that will be
necessary to sustain a viable biofuel fuel source.

One of the more promising ideas lies in algae. It can grow anywhere in tanks and does so
quickly in comparison to other forms of biofuel. Algae also use carbon dioxide to grow so
there is a carbon offset simply by growing the fuel source. However, despite efforts to create
fuel from algae, development is slow and many years in the future.

A more recent innovation is taking naturally occurring genes in yeast and other bacteria and
swapping them for synthetic genes created in a lab. These new genes allow the microbes to
take simple sugars and produce hydrocarbons, which can then be turned into gasoline, diesel,
crude oil, and jet fuel. Many laboratories are involved in research including the National
Renewable Energy Laboratory (NREL), San Francisco based biotechnology company LS9,
and Amyris Biotechnologies located in Emeryville, California.

Technology: Genes designed by scientists for a specific purpose are created with the help of
computers and then spliced in the DNA of a microbe. As described by senior director at LS9
Greg Pal, “Essentially, we take what would normally be converted into triethylglycerides –
effectively, fats – and divert that off into these hydrocarbons.”

Amyris has, for the past four years, been trying to create bioequivalents to the more energy
dense forms of oil – diesel, gasoline, and jet fuel. They focused their efforts on manipulating
the genes in yeast and E. coli. One scientist, Craig Venter, even has plans to engineer bacteria
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one step further by having them create hydrocarbons not only from simple sugars but from
carbon dioxide found in the atmosphere.

Impacts Assessment: Engineering bacteria and yeast to create hydrocarbons at sufficient
energy density to serve as aviation fuel. The cost in producing and marketing this fuel is
expected by the inventors to be low enough for market growth in less then five years. The
ability of this endeavor to be a renewable source is due to the fact that microbes are easy to
come by and easily produced. Because this fuel is so similar to what is used in today’s
systems, the idea that it can be an immediate substitute is alluring. More research is needed
on the carbon dioxide output over the lifecycle of the product.

Development Progress: For both companies, producing jet fuel is further away from
commercial production than diesel, but it is not too far off and development is moving ahead
quickly and out of the laboratory. Amyris has plans to produce some 30 million gallons of
diesel by 2010, with gasoline being created one year later and jet fuel a year after that. They
have signed a deal with Crystalsev, a Brazilian sugar and ethanol company, to gain access to
2 million tons of sugar.

LS9 hopes to open a pilot facility by the end of the summer and within three years to have a
50-100 million gallon production plant. They will also be producing diesel and eventually
biocrude that can be manufactured in traditional refineries.

Both of these companies are relying on the simple sugars needed to feed their microbes
coming from foodstocks like sugar and corn. However, NREL’s biorefining process manager
Jim McMillan says that “while sucrose is undoubtedly part of the solution, to really get that
huge impact, you have to go to those cellulosic feedstocks” to have better sustainability. He
and NREL are working on technologies to get sugars from tough cellulosic materials like
corn stalks, leaves, and cobs that are usually thrown away.

Resources Required: The biggest requirement will probably be in the sucrose source needed
to feed the yeast and bacteria. However, if a way of getting sugar from cellulose materials is
discovered, the need to use food sources will disappear, making this fuel a much more
attractive option. Resources will also be needed in constructing facilities capable of growing
the microbes and producing the fuels.
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Population Affected: The scope of people that could be affected by this technology is huge.
It includes every person that in any way lives off an oil-based economy. Both developed and
under-developed nations are included in this. The fuel that is produced by the microbes
directly substitutes oil, so in theory oil can be completely replaced and little of the existing
infrastructure will need to change.

With respect to aviation, this is an exciting idea because most of the biofuels produced thus
far could not work for aviation. As mentioned it earlier, the needs are specific – high energy
density, cleaner carbon footprint, low particulate emissions, low demand on traditional food
sources. This new fuel produced from engineered microbes seems to have the ability to fulfill
in some extent all of these needs.

Negative Effects: The biggest concern in using this technology is the question of how
beneficial it will be to the environment. While the inputs in the system, yeast, bacterial, and
sugar, are easily grown, the fuel that is produced will give off the same emissions that are
seen now. There will be an overall reduction of carbon dioxide emissions as nothing will be
given off in the growing of the inputs, but how much the manufacturing, refining, and
transporting will produce is unknown.

Endnotes:
1
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9. Tidal Power

Introduction: Advancement in tidal technology as a renewable energy source would be a
significant step towards sustainability. There are multiple innovation companies working on
different prototypes, and three at the forefront are Marine Current Turbines, OpenHydro, and
Hammerfest Strom. These companies concentrate mostly on shallow water areas with high
tidal current velocities, including locations in the UK, Ireland, and Norway. The intended
purpose of their tidal energy designs is to provide a renewable energy source that reduces
carbon emissions with a minimal environmental footprint.

Technology: A tidal device is an underwater wind turbine. Flow rotors are rotated by the
tides traveling through them, and they in turn, through use of a gearbox, drive a generator that
produces electric power. The Marine Current Turbines design, the “SeaGen,” has twin axial
flow rotors that are 15-20 meters in diameter. The rotors can operate in opposite directions,
allowing the machine to be powered by both the ebb and the flow of the tidal current. The
rotors are mounted on both sides of a 3 meter steel monopole, which travels above sea level
to allow easy maintenance.1
The OpenHydro design, the “Open-Centre Turbine,” differs from the SeaGen in a few ways.
The Open-Centre Turbine is invisible from the surface, as it is installed on the sea floor. This
device only has a single rotor, which has an open centre and is surrounded by the generator.
OpenHydro intends to use farms of these devices to supply reliable energy. The company
also takes prides in having a simple machine with a slow moving rotor that does not damage
marine life.2
Hammerfest Strom’s technology is rsimilar to OpenHydro’s in the sense that it is just a single
rotor device on the sea floor. However, the blade is not surrounded by any other materials.
Instead, the rotor is attached in the back to a nacelle (production module) which contains the
control system, gear box and generator, converting the tidal currents to electric power.3
Impacts Assessment: Tidal technology could provide a significant source of renewable
energy. The utilization of these devices in the grid would help lessen the need for other,
more carbon-intensive electrical generation methods, and replace them with energy supplied
by machines with a minimal carbon footprint. In addition, the low cost of production and
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installation of tidal turbines has economic benefits. With rising fuel prices, OpenHydro
estimates that the value of power generated from tidal technology could be valued at roughly
16 billion euros per year.2

Development Progress: Development of tidal power devices is increasingly advanced; many
companies have working prototypes that have begun to see initial use in the national grid.
The SeaGen is currently being installed and used in Northern Ireland’s Strangford Lough.1
The Open-Centre Turbine has begun to generate power for the UK National Grid, and
Hammerfest Strom’s device has also started producing energy in northern Norway.2,3 While
there has clearly been substantial progress in tidal power, there needs to be more investment
to increase the use of the technology to a significant fraction of world power generation..

Resources Required: Tidal technology does not require the input of many resources. The
relatively low costs of production, installation, and maintenance make tidal devices similar to
off shore wind energy in terms of resources required.

Population Affected: The intended market for tidal technology is government and business,
not individuals. However, the ideal use would connect the devices to the national grid,
enabling large numbers of people to benefit from tidal power. For example, the first OpenCentre Turbine design can power 150 average European homes a year from a 6 meter unit,
saving 450 tonnes of CO2 emissions.2 Any initial uses of tidal technology would have to be
implemented in areas with shallow water and high tidal current velocities, but companies are
also developing machines for deeper water.

Negative Effects: The main negative effect of tidal power is the potential to harm marine life.
However, these concerns have been lessened by the developers’ use of slow rotors to avoid
entangling wildlife, and a reduction in releases of oils and greases that could pose pollution
problems.2

Endnotes:
1

Marine Current Turbines. (2008) at marineturbines.com.

2

OpenHydro Tidal Technology. (2008) at www.openhydro.com/home.html.

3

Hammerfest Strom AS. (2008) at www.hammerfeststrom.com/

content/view/45/72/lang,en.
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10. Improving Electric Car Batteries

Introduction: Improving transportation efficiency is one of the most important challenges
facing researchers today, because vehicles are some of the largest emitters of carbon dioxide
in a national emissions inventory. Consequently, creating batteries strong enough to make
electric cars feasible would be a huge step towards a solution. Two innovators at the
forefront are the company Superlattice Power, based in North Carolina, and scientists at
Stanford University, led by assistant professor Yi Cui. Superlattice Power is proposing a
better lithium ion battery, while Cui has designed a nanowire battery. They both hope to
increase the range of electric cars, which would help make them more marketable as the next
generation of automobiles.

Technology: Superlattice Power has devised a new structure that will increase the operating
voltage range and energy density of lithium ion batteries. They have improved the battery’s
cathode by using a superlattice, the crystal structure of the compound that alternates layers of
different materials. In this structure, they have substituted some of the metals (the company
uses manganese, cobalt, nickel, and titanium) with lithium, which enhances the energy
density and hopefully increases voltage range while remaining non-toxic and disposable.1,2
Yi Cui’s nanowire battery focuses on the anode instead, for which he uses silicon instead of
the traditional carbon. Silicon has a higher capacitance than carbon, so it can store more
lithium in the anode and therefore increase the electrical storage capacity. A problem could
occur because silicon typically pulverizes in this setting, hurting battery performance.
However, Cui has removed this issue by using nanotechnology. The lithium in the anode is
stored in many minute silicon nanowires, which have the diameter about one-thousandth of a
sheet of paper. This shape does not fracture when it soaks up lithium, so the silicon does not
pulverize.3

Impacts Assessment: The effect of more powerful batteries for electric cars would
significantly enhance the growth of electric vehicles as a viable alternative to gasoline and
diesel-based vehicles, and also make the use of such vehicles as a means of load levelling in
the gird feasible. Road transport accounts for about a quarter of the EU’s carbon emissions.
This technology, combined with renewably-generated electric power, could make electric
cars feasible and a big part of future automobile production, cutting a large portion of the
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world’s carbon emissions. The key is for these new batteries to be powerful enough to
encourage electric car production.

The superlattice lithium ion battery could allow electric cars to be driven over 200 miles
between charges, a vast improvement on the current range of 120 to 140 miles. In addition,
they could operate at a large voltage range of 4.3V to 2V.2 Cui claims that his nanowire
battery is 10 times more powerful than current models of lithium ion batteries, as a laptop
that could previously run for 2 hours could now run for 20 hours.3

Development Progress: While Superlattice Power has the basic idea for an improved lithium
ion battery, the company is still in the testing stages. The goal is to have a final report that
includes all experiments, results, and analysis completed during 2009. At that point
recommendations for future production can be made.1 As of early Jun 2008, the cathode
material had been synthesized on an industrial scale, and Superlattice Power had begun to
optimize the parameters for larger batteries suitable for electric cars.2

Yi Cui is also still experimenting with his battery design. He was recently given a $10
million grant to expand his research; but while the fundamental principles are ready, actual
production of a nanowire battery is still in the future.3

Resources Required: Whether either of these battery designs will be less expensive than
traditional batteries is yet to be tested. Superlattice Power and Yi Cui have not yet
demonstrated that their batteries will be able to be marketed at competitive prices. However,
the increased power and efficiency of the technology suggest there is a market need for these
innovations.

Population Affected: The intended market for the batteries, once they are ready for
production, are car companies looking to supply electric automobiles. This could affect
people anywhere in the world who want to purchase more environmentally friendly vehicles.

Negative Effects: The main problems stemming from improved batteries concern whether or
not they will work and be marketable on a large scale. An example of this was summarized
by MIT professor Dr. Donald Sadoway, who when asked about the superlattice battery
replied, “It's hard to know what they have here; the critical feature is the ability of the
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compound to accept lithium, and to do so reversibly without breakdown of the atomic
arrangement (conversion to another crystal structure). If the researchers can stabilize an
atomic arrangement that exchanges lithium over many cycles of charging and discharging
without loss of energy storage capacity (200 miles driving range), then this represents a major
improvement."2 Both batteries still have issues to work out before they are proven
commodities ready for production.

Endnotes:
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Superlattice Power. (2008) at www.superlatticepower.com.
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11. Digital Displacement Technology

Introduction: Digital Displacement is a burgeoning hydraulics system technology with
significant environmental benefits derived from its ability to dramatically increase energy
efficiency in, among other areas, automobiles. Leading this area of innovation is Artemis
Intelligent Power, based in Edinburgh, Scotland.

Technology: Artemis Digital Displacement replaces port plates and swash plates in
traditional hydraulic machines with computer controlled high speed solenoid valves. These
valves allow you to direct the flow into and out of each cylinder in the hydraulic system.
There are two poppet valves in each cylinder, one each for high and low pressure. Therefore,
it is possible to use the low pressure component while idling and the high pressure valve
when pumping. These valve actuation decisions are made every four to five milliseconds,
allowing an endless number of different flow rates and increasing the efficiency of the
machine, providing a potential power range from 1 kilowatt to10 megawatts.1

Impacts Assessment: Digital Displacement technology provides numerous advantages that
can be used in many areas. Machines with Digital Displacement are over 90% efficient
because of their independent outputs and the ability to reclaim energy from high pressure
services and use it for other purposes. They also have higher performance and controllability
than regular hydraulics systems because of the high speed poppet valves and a modular
construction that allows multiple tasks to be completed by one device. But perhaps the most
important part of Digital Displacement is that it can be of benefit in several technologies,
especially renewable energy and automobiles.

While wind turbines are already a significant source of renewable energy, they still have
drawbacks that can be readily solved by Artemis’ technology. Most wind turbines use gear
boxes, but they are very heavy and fail too frequently. Other machines use low-speed
electrical generators, which are more reliable but also more expensive and heavy. Using a
Digital Displacement transmission will increase the power generated from wind turbines
because it is lighter, allowing for bigger machines and more controllability. Less stress is
accumulated on the turbine because of the reduced weight and the ability to always operate at
the best speed for optimal power. In addition, these transmissions can be retro-fitted to
existing wind turbines as well as used in new production.
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Connecting a Digital Displacement Pump to a car’s internal combustion engine, and then
connecting that pump to a Digital Displacement Motor, results in a new Hybrid Transmission
that greatly increases the efficiency of automobiles. A recent test with a BMW 530i fitted
with Digital Displacement technology was successful, as European urban driving yielded
50% less CO2 emissions (20.4 MPG – 41.1 MPG); overall European driving (urban and
highway) generated 30% less CO2 (29.7 MPG – 39.6 MPG); and overall United States
driving produced 34% lower emissions (27.9 MPG – 42.1 MPG). This reduction is due to the
capacity of the Digital Displacement combination pump-motor to control many single acting
rams at high bandwidth and efficiency, allowing a vehicle to go from idle to full flow in less
than 30 milliseconds.1

Development Progress: Artemis Intelligent Power is far along in the process of developing
marketable Digital Displacement technology. As previously stated, the company has already
successfully tested a prototype Hybrid Transmission. Also, while a machine for wind
turbines is currently classified as in the building phase, the basic technology is already
working and the company is currently tweaking it. Finally, Artemis is also constructing
technology for use in marine renewable energy, but this is in the development stage. Overall,
Digital Displacement technology is ready, or on the cusp of being ready, for significant
investment, especially for automobiles and wind turbines.1

Resources Required: A benefit to the Digital Displacement technology is that it is relatively
low cost. The system’s modular construction, relaxed component tolerances, and increased
efficiency make it less expensive than conventional hydraulic systems. Also, the machine is
able to operate on low lubricity fluids such as water, fuel, and biodegradable emulsions.1

Population Affected: Different aspects of the product could be marketed to different
populations. There are no geographic constraints, as individuals and businesses anywhere in
the world could be targeted for more efficient automobiles. In addition, government and
business could be sold on more powerful and cost-effective wind turbines and/or tidal
devices, though such machines would have to be marketed to those living in high wind or
coastal areas.
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Negative Effects: Digital Displacement technology would be expected to have few negative
impacts because of the product’s efficiency, controllability, and relatively low cost. One
aspect of implementation that could cause problems would be the increased costs of retrofitting machines to wind turbines that already functioaln. However, the increased efficiency
of power production that would result would make the venture worth the initial financial hit
in the long run.

Endnotes:
1

Artemis Intelligent Power LTD. (2008) at www.artemisip.com.

12. Conclusions

The ranking assessment performed in selecting these 10 innovations is provided in the table
below :

Excel Ranking Assessment

The topics are listed in the far left column with the particular innovations and innovators in
the next two. The innovations are ranked on a zero to one hundred scale for each of the five
categories: impacts, development progress, resources required, population affected, and
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negative effects. The “weighted sum” column is the sum of each of the “weighted” columns
multiplied by the respective ranking in order to achieve a final grade.
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Emerging Environmental Issues

Lead authors: Laura Adams, Anslei Foster amd Deidre Ledford

I. Introduction

The Emerging Environmental Issues White Pages Project is a series of 6 articles that explore
environmental issues likely to rise in significance over the next decade or so. The purpose of
this series is to provide innovators, investors, planning authorities and regulators with
detailed analyses of emerging issues that are likely to be drivers of energy, environmental and
sustainability policy in the future. Also an objective of this series is to provide those who visit
the Envirotech website with vital information about the environment in hopes they will begin
thinking about solutions to these issues. These issues are not necessarily problems at this
time; however, if not addressed they will become problematic in the near-to-medium-term
future. For example, water shortages will become more commonplace as populations
continue to grow and as climate patterns shift. In order to discover what kinds of issues were
important to write about, we researched news articles as well as scholarly journals.

We also developed a ranking system to assist us in determining the importance and severity
of each issue and how they compared against each other. Our first metric assesses how long
it will take before the issue is truly a troubling one, stretching regulatory limits and severely
impacting the population under consideration. We assigned this metric a range of years; we
note that the numbers are not to be regarded as measurement results but are our estimates
based upon our interpretation of research. If the issue will become problematic in 0-5 years,
it gets a high score on the degree to which it should be considered. Our second metric
assesses how large the impacts will be on human health, ecology, and resources. We tried to
capture all impacts within this measurement in order to gain a summary measure of
cumulative impact. We assigned this metric with a high/medium/low ranking. A higher
ranking means a greater threat. If the impacts will encompass all three categories under
consideration, it receives a high score on the degree to which it should be considered. Our
third metric assesses which population/subpopulation the issue will affect. Populations under
consideration included both developed and developing countries and regions, and
subpopulations included children, the elderly, asthmatics, the immuno-compromised, etc. If
the issue will affect multiple populations and subpopulations, it gets a high score on the
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degree to which it should be considered. Our fourth metric assesses the difficulty in finding a
solution for each issue. We determined this based on the number of solutions we could find
and how hard we felt they would be to implement. We assigned this metric with a
high/medium/low ranking. If there exist few solutions and for which implementation would
be difficult, the issue gets a high score on the degree to which it should be considered. Our
fifth metric assesses the issue’s connection to other problems. If the issue is linked to other
issues, it gets a high score on the degree to which it should be considered. Our sixth and final
metric assesses the control authority for each issue. We determined which group(s) would be
responsible for solving the issue if it were to be solvable. If the issue has a group that could
solve it, it gets a low score on the degree to which it should be considered. The table below
shows each metric and the scale used, and how one would determine if the score is low,
medium or high.

Emerging
Environmental
Issue

How long
will it take
before it's
truly a
troubling
issue?

How big will
the impacts
be on human
health,
ecology, and
resources?

Which
population/subpopulation
will it affect?

Difficulty in
finding a
solution?

Connections
to other
problems?

Control
authority?

0-5 years

High: Greatly
impacts all
three
categories.

Populations: Developed,
impoverished
countries/regions

High: Few
solutions found
of which will be
hard to
implement.

Problems
causing the
issue.

Lawmakers

Problems the
issue is
causing.

Businesses

5-10 years
10-15 years
20-30 years

Medium:
Significantly
impacts one to
two categories.

Subpopulations: Children,
the elderly, asthmatics, the
immuno-compromised,
etc.

Low: Impacts
one category.

Medium:
Several
solutions found
of which will be
hard to
implement.

Innovators

Consumers
Etc.

Low: Many
solutions found
with easy
implementation.

While we have produced only 6 articles, we have provided the metrics of 22 issues from
which we narrowed down to the final 6. We chose loss of landfill space, colony collapse
disorder in honeybee colonies, coral reef loss, antibiotic resistance from environmental
pollution, persistent organic pollutants, and water shortage as the most pressing issues. We
chose these six because they seemed to reflect the greatest impact based on our metrics. Not
only did these issues affect large numbers of people, but also they are rapidly approaching
and global in scope. All six issues were predicted to start causing problems within 0-10
years, which means they should be addressed as quickly as possible in order to at least
minimize their impacts if not stop them altogether.
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2. Waste Disposal: The Problem with Landfills

The world population is increasing at approximately 1% per year, and along with the increase
in population comes an increase in waste. The majority of waste goes to landfills, but some
studies suggest that landfill space is running out at an alarming rate.
In 2005, 49% of waste from the European Union ended up in a landfill.1 A study done in
2007 predicted that if current rates of landfill usage did not decrease dramatically, there
would be a lack of landfill space in nine years.2 Another study done around the same time
predicted that landfill space could run out in as quickly as seven years.3 Both of these
predictions serve as a reminder to reduce, reuse, and recycle in order to minimize the amount
of rubbish heading to landfills. In June 2008, the European Union set a goal to reuse and
recycle at least 50% of all household waste and reuse and recycle at least 70% of nonhazardous construction and demolition waste by the year 2020.1 Not only will the increase in
recycling reduce the amount of space needed for landfills, but it will also reduce emissions
and other environmental impacts from manufacturing.

Landfills have two major environmental concerns associated with their operation. The first
concern is leakage. Leakage, or the seeping of harmful liquids into the soil and water, is
traditionally minimized by using sanitary liners. However, even when liners are in good
condition without any tears, some leakage will occur, and since most landfills are fairly large,
the amount of leakage per landfill site can be of some concern.4 A study done in 1998 by the
New York State Department of Health found a direct correlation between occurrences of
cancer and the distance those cancer victims lived from a landfill site. This relationship could
be due to the leakage of liquids from the landfill into the water, or it could be due to harmful
emissions of microbes due to rotting food. Indeed, such emissions, as well as emissions of
methane, carbon dioxide, are the second major concern associated with landfills.5
One obvious solution is to follow the “3 R” method of reduce, reuse, recycle, but unless
every material that is produced is recycled, there will still be a need for landfills. Any
amount of waste reduction is beneficial and indeed will prolong the life of landfills. Quite a
few cities are incinerating some of their waste but incineration has environmental impacts of
its own such as particulate matter emissions. There is certainly a need for a new method of
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disposing of waste or converting it to energy that does not produce the same negative health
effects as landfills and incinerators.

The issue of funding is also something that needs to be addressed. Ideally, alternatives to
using landfills would be cost effective, a low impact on the environment, and easy to
implement worldwide. The reality is that not all solutions are cost saving. Impoverished
nations would have a harder time funding a new solution if it did not save more money than
using landfills. Reducing waste and reusing materials do not require additional funding and
are a great way to minimize the amount of waste going into landfills. Recycling does cost
some money but will still reduce the amount of waste going into a landfill, thus prolonging
the life of landfills. Since landfills are the most cost effective way of handling waste at this
time, any new solutions or innovations must be as cost saving if not more so than landfills.6

Government and lawmakers are often charged with the task of regulating landfills and other
waste management practices. Unfortunately, waste management cannot be tackled by one
party alone. In fact, Italy’s government recently found themselves in a predicament after
over 745,000 tonnes of trash piled up on the streets of Naples.7 Government needs to have a
role in keeping rubbish from piling up, but they cannot be the only group responsible; rubbish
management needs to be a collective effort between government, businesses, and individual
households. Since the best known solution to the landfill problem at this time is to recycle,
each household and business must be willing to put forth the effort to recycle as much as they
can. Otherwise, cities may be forced to deal with waste filling their streets.
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3. Colony Collapse Disorder: The Death of the Honey Bee
”If honey bees become extinct, human society will follow in four years.”-Albert
Einstein.1 Einstein believed that the human population relied so heavily on honey bees to
pollinate plants that if they were to ever die out it would not be long until the human species
also became extinct.

Bee populations have a tendency to rise and fall in cycles but recently, bee populations are
plummeting at an alarming rate. Over 90% of the wild bee population has died out in the US.1
Other countries such as Great Britain, Switzerland, and Germany are experiencing similar
losses.3 The mass extinction of bee colonies has been called Colony Collapse Disorder, or
CCD, and unfortunately, no one seems to be certain what is causing this mass extinction.2

Scientists and bee keepers alike have theories on why CCD is occurring. Some theories
blame the extinction on cell-phone towers and high-voltage transmission lines that cause bees
to loose their way back to the hive causing them to die prematurely.2 Parasites such as the
Varroa mite, the use of pesticides, and climate change are among some of the more accepted
theories related to the death of the honey bee. The reality is that all of these things may
contribute to CCD. It is difficult to determine the exact cause of CCD mainly because there
are not many bee bodies to examine. The bees seem to leave the hive and never come back
which makes it extremely difficult to examine enough specimens and derive a scientifically
based theory of why bees are dying. One professor at Penn State University, Diana CoxFoster, has been able to examine enough specimens to start seeing patterns in the autopsies.
She discovered that many of the bees had not contracted one disease, but almost every
disease known to affect bees. According to Cox-Foster, this suggests the bee’s immune
system has been compromised due to stress.1 The source of the stress remains unknown.

It is obvious that society relies heavily on pollination via honey bees, as one third of all food
is pollinated by the bees.4 Without them, not only will the economy drop due to farmers not
having enough food to sell, but the general health of society and the environment will be in
danger as well.
Honey bees have been said to be the most vital part to the human food chain.2 Some scientists
have predicted famine if honey bee populations become extinct.1 Food industries, even
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secondary producers such as Haagen-Dazs Ice Cream, have begun to feel the effects of the
loss in bee populations.5 Although ice cream is most likely at the bottom of the list of
concerns, food shortages certainly are not. Three-quarters of all flowering plants, which
includes most food crops, rely on pollinators, such as bees, for fertilization. Other pollinators
include some birds, bats, and a several insect species, but it is almost impossible for these
species to make up for the loss of bees.6 It may be too early to tell how bad the damage from
a famine would be due to the extinction of bees, but food shortages would be most
devastating to third world countries and other poorer populations. Developed countries and
the wealthy would have the luxury of being able to pay for food to be shipped and could
handle an increase in food prices should they occur due to mass bee extinction. Impoverished
people would have a much harder time accommodating and malnourishment is bound to
become much more prevalent worldwide.

Although honey bees are dying out quickly, there is still a chance to save them. The most
obvious step is to determine the cause of Colony Collapse Disorder; however, there are things
that can be done to encourage healthy bee hives even without this knowledge. Planting
flowers that range in color and height is a good way to start. Native perennials (plants that
live for multiple years) and herb plants also help bee populations.5 Even though
implementing these practices does not guarantee bee populations will increase they will most
likely reduce the impact of CCD on bees if efforts are on a sufficient scale.

Colony Collapse Disorder is a huge problem that is coming on quickly. Something must be
done before the effects are irreversible. The mystery behind the mass extinction of bees
needs to be solved and a collaborative effort needs to be put for in order to revive the honey
bee population.
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4. Coral Reef Loss

Coral reef ecosystems are currently under threat by a number of natural and human-induced
factors. Housing one third of the diversity of marine life, coral reefs are the world’s most
biologically diverse and economically valuable marine ecosystems. Even as corals cover
only 284,300 sq km (< 1 percent) of the earth’s surface, the economic goods and
environmental services they provide are worth nearly $375 billion per year.1 Millions of
people are provided with resources ranging from coastal protection (an estimated half billion
people live within 100 kilometers of a coral reef) and recreational opportunities, to sources of
food (25 percent of the total fish catch in developing countries is obtained from coral reefs),
medicines, jobs, and commercial ventures. Many countries look to these ecosystems to
provide the financial foundation for sustained development. But, unfortunately, most of the
100 countries in which reefs occur are developing and thereby have low capacities and/or
finances to sufficiently manage the resources provided by the reefs. The amount of time it
will take before the issue of coral reef loss is truly a troubling one, whereby it has stretched
regulatory limits, is estimated at 0-10 years. The total impact is estimated to be high, with
impacts on human health, ecology, and resources all in combination.

An assessment of nearly 700 species worldwide provides an estimate that one third of the
world’s reefs have already been lost or irreparably damaged, with another third projected as
deteriorated or endangered.2 Nearly 11 percent of these reefs under threat are located in areas
called “hot spots” where biodiversity of reef fish is high.3 The threat to the survival of these
reefs is serious, as coral reefs are the most susceptible to overuse of any marine ecosystem.
Direct and indirect human activities threatening these natural resources include overfishing;
excessive and destructive fishing practices; population increases and subsequent coastal
development; high sediment, nutrient and pollutant runoff from poor land use practices; poor
water quality- and pollutant- associated disease epidemics; the bleaching of corals incurred
by warming seawater temperatures; displacement of coastal mangrove forests; and rising
levels of carbon dioxide that may lower calcification rates of corals.1 Limited coral
extinction is caused by a number of natural disturbances (hurricanes and disease) that
combine with global warming and sea level rise to break down reefs. The comparative
weight each of these contributors has on reef loss is an issue of scientific debate and research.
But those that are the most frequently linked to human-induced reef deterioration, besides
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global warming, are overfishing (which reduces top-down control) and nutrient pollution
(which increases bottom-up control).4

International trade is a contributing factor to heightening these threats. Trade indirectly
impacts reefs as it threatens mangrove forests, an essential coastal ecosystem that maintains
the quality of coastal waters and nurses various reef species. Mangrove forests are being lost
as commercial shrimp monoculture ponds are being constructed in their place. Trade directly
impacts reefs through overfishing and the use of destructive fishing practices. The cyanide
and other poisons used to catch live fish for the food trade kill corals and their inhabitants.
Various explosives that allow for easy fish collection demolish reefs. International trade of
coral reef products further contributes to reef degeneration as “live rock” for marine aquaria
is derived from reef skeletons, and the curio and shell trade require the killing of living
coral—the attainment of these products is what drives overfishing and the removal of key
groups from coral reefs. There is strong worldwide concern that trade is threatening or may
begin to threaten some 200 species of coral reef.1

Such human activities are not only threatening coral reef ecosystems but also the human
populations dependent upon them. Destructive fishing practices driven by international trade
impact local communities by decreasing the value and long-term sustainable usage of coral
reefs. In some places, people’s food security is under threat as stocks become depleted and
reefs are destroyed. This is being seen in small-island developing nations like Jamaica, the
Philippines, and Hawaii where their imports and exports constitute 65 percent of their GDP.3
In these areas local fishermen are using fish larvae for fish soup as a result of declining fish
stocks, and the amount of protein in the average diet has decreased due to degraded
populations of reefs and fish. Destructive fishing practices contributing to coral reef loss also
impact the collectors themselves: Fishermen involved in cyanide fishing are at risk for
exposure to the poison; and divers using hooka rigs to collect spiny lobsters, marine
ornamental fish, and live food fish are at risk for developing diver’s “bends,” which can
result in death.1 In all areas of concentrated human activities - especially along coastal eastern
Africa, all through South and East Asia, and across the Caribbean region - the health of both
coral reefs and thus humans continues to decline.3

Despite the cause, coral reef degradation shifts the dominance of reef-building corals to that
of fleshy macroalgae or seaweed. This process is irreversible and leads to a decrease in
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community diversity. A shift in the competitive edge towards faster growing fleshy algae
results from the human alteration of physical and biological factors that favor the dominance
of corals over algae. Overfishing and disease remove the grazers that keep algae levels low
and algae begin to dominate corals. High nutrient inputs (from sewage discharge,
agricultural runoff, and landscaping) also stimulate uncontrollable algae and bacterial growth,
and allow algae to overgrow and dominate corals.4 Further competition with algae results
through sedimentation, as sediment smothering and burial suppresses the regrowth of
surviving adult reef colonies.5

Corals are the most endangered species on Earth and therefore the trade threat to coral reefs
needs to be urgently addressed. Possible remedies exist and some are already in testing, but
the pursuit of all of them will be required to achieve a sustainable solution. For starters,
management decisions that conserve coral reef ecosystems must be established. The
management of coral reefs must use ecosystem-based approaches to ensure a sustainable
coral reef trade. More responsible trade must be maintained; this involves discouraging the
use of collection practices that are harmful or unsustainable, and encouraging and rewarding
responsible use of coral reef resources. These sustainable collecting practices will require
innovations in fishing gear. Local contributions to reef conservation can be made by
consumer purchases of sustainably caught coral reef animals. Ultimately, coral reef
conservation and sustainable use must be increasingly supported on international, national
and local levels if we are to combat coral reef extinction.

References:
1

Moore, Franklin, and Barbara Best. “Coral Reef Crisis: Causes and Consequences.” Global
Trade and Consumer Choices: Coral Reefs in Crisis. 2001. AAAS. At
www.aaas.org/international/africa/coralreefs/ch1.shtml.

2

Weiss, Kenneth R. “Reef-building corals most vulnerable to extinction.” Environment.
2008. Los Angeles Times. At latimesblogs.latimes.com/greenspace/2008/07/coralreef-buil.html.

3

“Coral reefs under pressure.” Emerging Issues. 2007. United Nations System-Wide
Earthwatch. At earthwatch.unep.net/emergingissues/oceans/.

4

Smith, Jennifer E. “Coral Reef Loss: Determining the Importance of Overfishing and
Nutrient Pollution in the Global Decline of Coral Reefs.” 2008. National Center for
Ecological Analysis and Sythesis. At www.nceas.ucsb.edu/smith.
163

5

Nugues, M.M., and C.M. Roberts. “Coral mortality and interaction with algae in relation to
sedimentation.” 2003. Coral Reefs. Ay
www.springerlink.com/content/nt73ywcqkrc2mwu1/fulltext.pdf.

164

5. Antibiotic Resistance from Environmental Pollution

The miracle drugs of the 1940s that were able to eliminate bacteria while producing little
harm to the cells of the treated individual are losing their efficacy, as bacteria are now more
commonly defying multiple antibiotics. While some bacteria flourish under normal
biological conditions and a necessary part of life, protecting us from disease as they compete
with and thus limit the growth of pathogenic bacteria, other harmful bacteria require
assistance to grow. This assistance is provided in the form of antibiotics, utilization of which
retards bacterial growth by disrupting the construction of components in microbes that assist
in the formation of new bacterial cells.1 Resistance of pathogens to existing antibiotics is
acquired in several ways, either from bacteria surviving antibiotics that then reproduce until
the whole population forms resistance;2 from inheritance of resistance genes (genes that
enable bacterial survival of an antibiotic attack); from spontaneous genetic mutations which
produce a new resistance trait or make an existing one stronger; or by accepting resistance
genes from other nearby bacterial cells. Bacterial resistance is then driven by the widespread
presence of resistance genes and the degree of antibiotic use. While selecting for strains that
are resistant, antibiotics can also affect benign bacteria that limit the development of
pathogens. As a result, certain bacterial infections are resistant to all antibiotics.1 Since it
became a political issue in 1997, antibiotic resistance has increased by over one-third in the
United Kingdom.3 We face a major international crisis in public health, as the propagation of
antibiotic resistance is an issue with severely troubling impacts to be seen in the near to
midterm future.

Antibiotics in medicine, animal care, and agriculture are overexploited worldwide; factors
contributing to the increase in antibiotic resistance are plentiful. Concerning direct transfer,
the two most important factors are high antibiotic use/misuse and cross infection (patient-topatient spread) in unhygienic hospitals.3 Today, more than 50 million pounds of antibiotics
are produced each year. Half of the amount produced is consumed properly for human
treatment; the other half is used and administered inappropriately: Research estimates nearly
a third of outpatient prescriptions for antibiotics are unneeded; people then misuse the
prescription with improper dosing by not finishing the full treatment, and thereby are
unsuccessful in eradicating the disease agent entirely and then further promote the growth of
resistant bacteria. Within hospitals, the spread of multi-resistant drug infections is also rising
rapidly, as patients are grouped closely together and frequently transferred for treatment.1
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Antibiotic resistance also largely results from environmental pollution. Polluting sources
include sewage treatment plants, septic tanks, animal husbandry and agriculture, aquaculture,
and heavy metals, all of which affect antibiotic resistance. There is wide exploitation of the
same drugs taken by humans in the livestock and agricultural industries. Commercial
pressures for increased meat production contribute to antibiotic overuse, as antibiotics are
used as growth promoters and disease preventers in livestock. Nearly half of all antibiotics
produced in developed countries are fed to animals to promote growth.1 This use of
probiotics and antibiotics in contexts other than those for which they were designed is
contributing to the selection of antibiotic resistant bacterial strains that settle in animals.4 The
resistance genes in animal wastes then spread to surface waters, groundwater, and soils.
Resistant bacteria also may be passed to livestock caretakers or those preparing and eating
undercooked meat.1

In agriculture, antibiotics applied as aerosols are used to control and prevent bacterial
infections of fruit trees. During processing and shipping, the residues of lingering bacteria
encourage the proliferation of resistant strains. And with application in the form of aerosols
the antibiotics can travel considerable distances and kill the sensitive bacteria of other trees
and food plants.1 Synthetic antibiotics are also used in aquaculture. Contamination by runoff
waters consequently results in selection of antibiotic resistance genes.4

Industrial pollution also has an effect on environmental bacterial communities, where heavy
metal-contaminated environments are linked with antibiotic resistance. Heavy metal
concentrations, specifically those of mercury, in sediments are the strongest predictor of
antibiotic resistance. Observed correlations indicate increased antibiotic resistance in certain
bacteria may be selected for by increased mercury concentration.5 Bacteria have several
mechanisms that detoxify mercury and thus make certain genes mercury resistant. And as
these genes are linked with antibiotic resistance genes, the transfer of mercury resistant
genetic material to other bacteria passes along antibiotic resistance.6 Under mercury stress,
the mobilization of antibiotic resistance genes is enhanced among soil bacterial populations.4

Referred to as societal drugs, antibiotics affect the kinds of bacteria in both the treated
individual and environment and society as a whole. In settings with crowded populations
(such as hospitals, day care centers and farms) heavy antibiotic use raises resistant bacteria
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levels in people and other organisms not undergoing treatment. Communicable disease death
rates are on the rise again as resistance to antibiotics is also rising.1

Since industrialized countries have the highest antibiotic use, they could be the first to see
resistance advance. Global travel and commerce will steadily contribute to the spread of drug
resistance around the world. Those suffering the worst consequences might be developing
countries with poor health services and the incapacity to pay for expensive substitutes of
cheap antibiotics.7

Compounding the efforts to reverse the trend of antibiotic resistance is the battle between
science discouraging antibiotic overuse and politics driving antibiotic exploitation. Vigorous
efforts must be made in educating the world about drug resistance and the consequences of
improper antibiotic use. More responsible use of antibiotics must be maintained so as to not
require discontinuation of all antibiotic use in order to halt the rise of uncontrollable
bacteria.1

Pharmaceutical companies should minimize the amount of antibiotic use and environmental
pollution, as their medicines are kept effective longer by avoiding the expansion of
resistance.7

The development of new antibiotics is a major health priority. One approach already being
worked on by Quorem Sciences, Quorex Pharmaceuticals of Carsbad, Calif., and Biosignal of
Australia is the development of a drug that interferes with the bacterial communication
system known as quorum sensing. Quorum sensing allows bacteria to determine whether
enough of them are present to unleash the toxins that damage their host, as bacteria do not
attack the immune system until they are strong enough in numbers. The disruption of this
communication system would make the bacteria think they are alone and the drug could then
retard the bacterial growth until the body’s immune system could eradicate them. Because
these drugs are not killing bacteria like antibiotics do, they will not breed resistance.2

Quorex Pharmaceuticals is also working on a drug that would inhibit the second
communication system that exists across species known as “bacterial esperanto.” This
system helps bacteria determine the presence of other species, a presence of which may
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initiate processes that assist the bacteria in competing for nutrients. Inhibition of this second
system would allow for the creation of an antibiotic that could defeat nearly all bacteria.2

If antibiotic use in the livestock industry is to continue, development of new antimicrobials
that work only against animal pathogens and not human ones is necessary.8 In the absence of
antibiotic use, inexpensive alternatives must be found for fostering animal growth and
safeguarding fruit trees. Improved animal housing and hygiene could greatly enhance
livestock development. The Scandinavian countries have banned antibiotic use for growth
promotion and, coupled with good management practices, animal production levels have
been unaffected.8,9 Regardless of the solutions found, “microbial communities must be
preserved so that bacteria susceptible to antibiotics will always be there to outcompete
resistant strains.”1
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6. Persistent Organic Pollutants

Chemical pollution has become a serious global issue that is affecting the quality of human
life. One of the most prevalent polluting groups is Persistent Organic Pollutants or POPs.
POPs are a class of man-made synthetic chemicals that are resistant to decomposition and
have the potential to accumulate in the tissues of living organisms, causing endocrine
disruption. The problem with these disruptors is that they can cause reproductive problems,
induce cancer, suppress the immune system and interfere with normal development in
children.1 They have become a global issue due to the fact they can be transported by
airstreams and oceanic systems. Therefore, POPs generated in one country can affect people
and wildlife far from where they are released. POPs also can accumulate and pass from one
species to the next through the food chain. The recognition of the emerging issue of POPs
has been rising since the 1970s.2 Since then, the issue has led many governments to begin the
process of eliminating these toxic chemicals that adversely affect human health and the
environment globally. These chemicals are part of a list of 12 key POPs that are to be
reduced or eliminated from the environment - known as “The Dirty Dozen” as stated by the
Stockholm Convention Treaty in 2001.
The Stockholm Convention was a way for control authorities of the world to come together
and address the global concern over POPs. Approximately 90 countries signed a
groundbreaking United Nations treaty in Stockholm, Sweden in May 2001.2 Under this
treaty, countries agreed to reduce or eliminate the generation of 12 key POPs, including DDT
and PCBs. Although most developed nations have taken strong action to control the 12 POPs,
a great number of developing nations such as China have only recently begun to restrict their
production, use, and release.2 Other countries such as Russia have not even begun to project
dates by which they will stop using POPs.
Numerous populations are at a particular risk of exposure to POPs. Individuals whose diets
include large amounts of fish, shellfish, or wild foods that are high in fat and locally obtained
are especially at risk.2 POPs deposit in cold regions because they have the ability to transport
long distances in the atmosphere, and so are transported to the poles along with the
circulation cell. As a result, Inuit populations who live in the Arctic - a long distance from the
sources of these pollutants - are among the most heavily contaminated people on the planet,
as they rely on fat-rich marine food sources such as fish and seals.1 The Alaskan and Arctic
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ecosystems are fragile and take a long time to recover from damage.2 Many species of slowgrowing plants are found in these locations and the animals that feed on these plants can be
exposed to bioaccumulation contaminants such as POPs. The traditional Alaskan Native’s
way of life is rooted in a close relationship with the land. Also, babies born to women of the
Arctic who have higher levels of dioxins in their breast milk display effects on their immune
system and on postnatal growth.1
In the United States, POPs often enter the country from long-range transport systems of
airborne gases and particulate matter in the form of dust or smoke.2 Evidence of this has been
found in satellite images that visibly show the particles. These particulates were sourced in
storms as far away as Asia. Also, satellite images show dust clouds traveling west over the
Atlantic Ocean from distant places such as northern Africa.2 Due to global wind patterns, the
particulate matter from these dust clouds often settle in places like the Great Lakes and
Alaska.

The solution to eliminating POPs to reduce the exposure and bioaccumulation in human and
animals is uncertain. The way to remedy this problem is through a prevention and cure
method. To prevent POPs from leaking into the environment, dramatic government action
needs to be taken through avenues like banning, treaties, and using alternative methods to
reduce or eliminate the use and production of POPs. Countries must come together and help
to phase out these chemicals. As long as developing nations in places such as Sub-Saharan
Africa, China, and India continue to use POPs to control malaria infections and for
agricultural purposes, it will be hard to eliminate them from the water and atmosphere.

However, there are some practices that can be changed. Stockpile incineration should be
replaced with clean destruction processes. These processes involve destroying 100% of the
chemicals and reprocessing any residue, all while ensuring there are no POPs released into
the environment from the break down process.4 Alternatives to paper and PVC products are
also easily changeable and will help decrease POP concentrations. Paper can be created with
other forms of chemical dyes such as oxygen-based bleaches instead of chlorine-based
bleaches that help create POPs. PVC, often found in building materials, can be replaced with
materials like concrete, clay, metal, and timber.4 There are also numerous pesticide
alternatives: The elimination of breeding grounds for insects and the control of an insect's
primary food source can help lower insect population. If chemicals are absolutely necessary,
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different chemicals for the insects may be used. Protection from tick-related diseases include
the usage of appropriate clothing, vaccines, and even plants that repel the tick.4 Because
POPs do not biodegrade, provide protection from pests like mosquitoes, and defend crops
from infections like the boll weevil, it will be hard to find chemicals that will replace them.
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7. Global Water Shortage
There is no resource on earth more vital than water. However, the world water supply is
running short. According to the World Bank, people in more than 80 countries are now facing
water shortages that threaten the well-being of economic and human health. Another 40
countries with more than 2 billion people have no access to clean water or sanitation.1 Onethird of the world's water is supplied by aquifers, which are being pumped out faster than
their rate of recharge, and half the world's rivers and lakes are seriously polluted. With nearly
450 million people currently facing severe water shortages, it is no surprise that the world’s
potable water supply will need to increase another 20 percent in order to provide for the
additional three billion people who will be alive by 2025.3 With less than one percent of all
the fresh water on earth technologically and economically accessible for human use, and 90
percent of that being used for irrigation, freshwater shortage is an emerging issue that has
quickly arisen in recent years and will need to be addressed by individuals and governments
internationally.3
To respond to the concern over freshwater shortage, many control authorities have begun to
study the degree of threat posed by this issue. The World Bank and the United Nations have
launched numerous studies and working groups to evaluate existing conditions, project future
needs, and devise strategies for coping with the water crisis. These studies show that with
major improvements in water collection and distribution, water efficiency could improve
from the current 45 percent efficiency to 70 percent efficiency.3 Even with the increase in
efficiency, there would still be a need for 20 percent more water. This deficiency in the water
supply has been coined the “world water gap.” Since most of the readily available sources are
already being utilized, there are limits to how much additional water can be extorted from the
environment.3
In many parts of the world, countries are beginning to feel the effects of the water shortage.
In Northern China, which has a population of 1.26 billion people, the water table is dropping
one meter per year due to over-pumping, and more than 300 Chinese cities are running short
on drinking water.2 In India, which has a population of more than 1 billion people, major
aquifers are being over pumped and irrigation water is contaminating the soil causing the
salinity to increase.2 India is dependant on irrigation for its increasing food production. Their
crops continue to heavily depend on clean water and soil to supply their rapidly increasing
population. Israel invented many water-conserving technologies, but water withdrawals still
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exceed inflow. In Israel, over-pumping of aquifers along the coast is allowing seawater to
pollute drinking water, making Israel largely dependent on the Jordan River for fresh water.2
These are just a few of the countries that are hardest hit by water shortage; however, this
issue is not isolated to developing nations. Many developed countries such as the United
States, Canada and in Europe are periodically affected by water shortage from draught and
over consumption as well.
Increasing world population is becoming the prime issue driving global water concern. As
populations grow, so does the demand for industrial, agricultural and individual water
supplies. World-wide demand for water is doubling every 21 years according to the World
Bank. Population growth, however, is not the only factor that is increasing the world’s
demand for water. Since 1900, the population has increased two fold; however, there has
been a six-fold increase in water use. These changes in water use are due to higher standards
of living by individuals in developed countries and nations whose diets are switching from
grain to more meat. As population increases and salinity caused by industrial farming and
over-extraction rises, the developing world’s water quality is quickly deteriorating.
Climate change is also an issue that will affect freshwater shortage. With higher temperatures
and the rapid melting of winter snow packs, fewer water supplies will be available to farms
and cities during summer months when demand is high.3
The solution to ending the global water shortage will require development of technologies
that provide ways to take bodies of ocean water and desalinate it for coastal populations, and
for more countries to adopt the process of recycling municipal water for daily use. However,
control over population growth and limiting the rate water is consumed in developed nations
are also going to be key to finding solutions. However, an awareness of the global water
crisis should put into a perspective that reflects the need for water as important to the
sustainability of biodiversity, human health, and agriculture. Wiser decisions concerning our
water supply will be made if guided by awareness that water is a scarce and valuable natural
resource that is increasingly under threat.3
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8. Conclusions

The aim of this series of white papers is to motivate innovators, regulators, and investors to
get involved and take action. The previously discussed emerging environmental issues will
require international, national, and local cooperation in how they are addressed, as these
issues are in need of rapid regulatory, behavioural and technological solutions. While some
currently lack solutions, these solutions must be found to avoid the more serious effects
expected to result from these issues.
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Up-and-Coming Enviromental Communications Network
Lead authors: Prairie Reep and Kristen Jarman

1. Introduction

With the intention of bringing together and connecting a broad assortment of businesses,
organizations and individuals, our project focused on the design and creation of profiles,
pages and groups within Facebook or a similar system. In the world of business, and
especially SMEs, it is essential to create connections and exchange ideas in order to stay
ahead of the curve and develop collaborative activities that share experience and resources,
especially when a company is largely involved in the development of technologies. In order
to assist these companies in their pursuits, EnviroTech is working on the construction of a
social network within their website that will provide networking tools and services that will
allow companies and individuals to make these connections more quickly and efficiently.

2. Methods

With the construction of this network still in the early stages of development, it was our
responsibility to create a mock-up of what this network might include and be capable of. To
do this, we decided that utilizing the Facebook network would work best because it is already
well-established and provides a specified layout for users. As stated on the Facebook “About”
webpage, “Facebook is a social utility that connects people with friends and others who work,
study and live around them. People use Facebook to keep up with friends, upload an
unlimited number of photos, share links and videos, and learn more about the people they
meet.” Since Facebook already includes all of these features and capabilities, it was used
here to provide a template for the kinds of features that EnviroTech might ultimately place
onto its own Facebook-like system of networking. The use of such a template enabled us to
enter the necessary and important information for a company, without having to entirely
design our own network and layout before the networking project could begin

Facebook is a multi-layer website that is interlinking amongst itself in many forms. As the
project formed into a more specific purpose, it became easier to prepare the three layers that
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are necessary on Facebook to create the desired effect. The three layers of the network that
will eventually be created, and have been illustrated through Facebook, are the Profile, the
Page, and the Group. Each company will have a Profile and a Page, or pages, while belonging
to one or more Groups, each of which would be set-up by EnviroTech and controlled by both
EnviroTech and each individual company or business. Within the language of EnviroTech, a
Group is called a Community, but that distinction is not important for the current discussion.
In addition, in the discussion below, reference is made to an “individual”, because that is
what a Facebook is set up to enable. In the EnviroTech application, the analogue will be
either an individual – such as an innovator - or a company.

The primary date entry feature of Facebook is the user Profile. The Profile is a function that
allows each individual to include all of the personal information and interests that they desire
to share in connecting to friends, family and coworkers. A Profile can be made public or
private and may contain as little or as much detail as is necessary for the individual. It
contains the information needed to identify whether a given individual has the characteristics
that might make them a candidate for inclusion in a given Group. A profile can be located on
the network through a search feature, where an individual is identified by their name or by
specific details included on the profile – details that identify them as having interests
common to a Group. In this mock-up using Facebook, the Profiles will be given the name of
the individual who is to be in control of it. For example, Company A’s Profile can be found
by searching for John A. Smith, the editor of Company A’s Profile and Pages.

The profile can also be found through the provided search mechanism by typing in the words
Company A, as long as Smith has included the company’s name in any portion of his profile.

This profile is necessary within Facebook in order to create any other workable sites that one
wishes to within the features of the network, such as a Page or a Group. Because the profile
allows for the creation of Pages, it also provides the opportunity for any individuals within a
company, or a business, which may not have the same objective as another individual, to stay
connected to others through an additional manner aside from the Facebook Groups. In our
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scenario, EnviroTech, as overall leader in this simulated network, is the original creator and
administrator of each Profile and Page that is created for a company. EnviroTech is also
responsible for creating the username and password for any company in order to create their
Facebook account, preferably through an email address provided by the company.
John A. Smith’s Profile should contain a detailed description of what the Profile is
responsible for, who it is run by, and a link to Company A’s website. This allows visitors to
the Profile to clearly identify its purpose. Below is an example screenshot from the Profile of
EnviroTech Principal Doug Crawford-Brown. This screenshot includes all the information
that was just mentioned as being necessary for a profile – a link to the website, what company
the website is for, and what purpose it serves.

Also on the Profile is access to Smith’s Groups. Facebook describes the Groups Page as,
“contain{ing} all of the information about your groups on Facebook. On the Groups page you
can see groups your friends have joined, as well as navigate to your own groups, and create
new groups. You can always search and browse for groups to join from this page as well.”
An individual member, such as Smith, is able to join multiple groups within Facebook. Each
group is dedicated to a specific purpose, whether it is a group for a former school attended, a
professional sports team, a pro- or anti-political campaign, or literally, any other conceivable
concept.
EnviroTech’s Profile, Doug Crawford-Brown, has created the Groups that will connect the
six main areas of the environmental realm. These groups are titled: Adopters, Innovators,
Investors, Providers and, Regulators/Framers. From Crawford-Brown’s Profile, these groups
can be found as follows.
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From here, any visitor to Crawford-Brown’s Profile can access the link to any of the Group
pages, which provide information about what each sector of the environmental realm
provides for the business community. The following photograph is the group page for the
EnviroTech Adopters. This is the screen that appears once the EnviroTech Adopters link, in
blue above, has been clicked on.
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As shown above, the Group page provides a general description of how the Adopters Group
is the user’s portal to all other Adopters in the EnviroTech community. As companies and
individuals within the EnviroTech community begin to identify with one of the 6 sectors, it is
their responsibility to provide this information on the Profile and Page that they create. This
enables EnviroTech to sort each into the appropriate group that each should belong to. By
specifying in their profiles that they are Adopters, those members would become members of
the Adopters Group. The Profile name and a link to the user Profile would appear in the
Members section above where Crawford-Brown’s name is currently shown. This allows
visitors to the Adopters Group site to easily identify who is a member of the specific
community and whether they are a company that can assist the community with their needs.
The Group’s menu, located on the right side, is expanded because the picture is from the
administrator’s point of view – the administrator being whoever is in control of the editing of
the Group. However, other users find a similar menu that allows them to join the Group or
invite others with similar interest to join. For our purposes, the Group pages should have
private membership that will be vetted by EnviroTech to avoid accumulating members who
are not a part of the community and are simply listing themselves so they can be observers of
the Group activities. To do this, a user of the community simply has to Request to Join the
Group, at which point the administrator, EnviroTech, could approve or deny the request.

The third, and final, area of Facebook that we have used to simulate the EnviroTech network
is Pages. All of the Pages, provided by Facebook in the form of interactive links between
Profiles, that a member of Facebook joins will be sorted in the My Pages section of their
profile for other users to access. Smith’s Profile would be a “fan” of organizations associated
with their field of interest and expertise, or with organizations that are similar and, thus, may
seek solution for the same business troubles. The organizations’ pages would then be sorted
into the My Pages section of Smith’s Profile. In the screenshot below is the current Pages
section of Doug Crawford-Brown’s EnviroTech Profile, limited now only to the EnviroTech
company, as this system is not entirely up and running and many Profiles have yet to be
created.
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he Pages are a portion of Facebook that allows members to develop interactive fan-bases for
celebrities, entertainment, sports, political figures, or anything imaginable. The Page provides
a description of the subject at hand, in this case a company, to other users and allows other
members of Facebook to link their Profile to the Page, thus become a fan, as well. In the
photograph below, the Fans section can be identified on the right hand side.
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As can be seen above, the Page also allows for the creation of Notes about the company, a
discussion board of interesting topics and/or questions from visitors to the Page. There are
also sections for reviews of the company, photos, and videos. The upper right-hand corner
contains links to editing the page that are only visible to the creator and any administrators of
the Page. The creator of each page has the ability to select which other individuals on
Facebook they wish to be allowed similar access, or administrative capabilities. Once the
company profile has been created and edited by EnviroTech, ensuring a common look to all
of the pages, EnviroTech would “invite” the company Profile to become an administrator to
the Page as well. The company would then take over the main control of the Page, but be
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required to allow EnviroTech to maintain access for any necessary purposes, ensuring that the
Pages are used only to support the central mission of EnviroTech and don’t migrate towards
more generalized commercial purposes.

One helpful feature of Facebook Pages is the system that has been put in place to track the
user membership and activity for each Page. As administrator it is possible to view, by day,
the number of visitors to the website. This provides an important market signal to the owner
of a Page. The example below is EnviroTech’s administrative website of the ARM, Pell
Frischmann, and EnviroTech pages.

It can be seen above that there were 10 visitors to EnviroTech’s Page by 8 am Friday the 25th
of July. There were 8 visits to Pell Frischmann, and 1 to ARM. As a result of privacy issues,
only once the number of visitors to the page increases does Facebook also provides a
demographic map of the locations of visitors.

3. Results

The use of Facebook to initially lay out the EnviroTech website constrains the prototype in
several ways. The Facebook network forces an individual to create a profile before they are
allowed to create a page for a company or organization. Although the final EnviroTech
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network will have different people working on each of the company’s Pages, it is not
necessary at all to have the profile capability. Any individuals who wish to represent
themselves within the EnviroTech network should be able to create their own page in an easy
to use format that is provided by the network. This ensures that there is a standard page
layout for both organizations and individuals that includes the information desired by
EnviroTech users.

Another change that could be made to the prototype, in order to improve the EnviroTech
network, is the ability to allow others to enter the network and create their own profiles with
EnviroTech’s approval. The current Facebook system forces EnviroTech to make all of the
profiles and then pass on access to each client. If the clients were able to create their own
pages using EnviroTech’s guidance, rather than EnviroTech simply making it for them, it
would allow for greater client control of their image as well as less labor on the part of
EnviroTech. That being said, however, it is paramount that EnviroTech maintain the ability to
change any page when they see fit so that their network does not lose credibility from a Page
that is in poor taste.

The webpage template that Facebook forces onto all of its users is beneficial for their
purposes because it allows people to find what they are looking for easily. It also provides for
maximum control of content and ensures conformity to the types of pages that Facebook
deems appropriate. The strict template created by Facebook does not serve the purposes of
the EnviroTech network and so could either be modified or wholly eliminated by creating a
bespoke system. Facebook users generally have no working knowledge of web design and so
have no reason to want or need to have a profile outside of the bounds of the given template.
A company, organization or individual within a network of professionals, however, could
easily create a webpage that functions well and serves their purposes in a way much better
than any template provided by an existing network. A very simple template that provides for
wiggle room by EnviroTech clients should be provided to ensure uniformity but to allow for
customization of the client’s pages. Since Facebook was used to mock-up the EnviroTech
Network it is useful to compare their model to the desired end result for the network. For this
reason in our results we have compared each of the standard applications that Facebook
Pages are equipped with and explain how they can be fitted into the EnviroTech Network.
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Some of the elements of the Facebook Page template should transfer, others should be
modified and some should simply be eliminated altogether. While creating a Page on
Facebook, the site forces each creator to choose a purpose for the site, which determines the
format (for instance, an ice cream stand would have a different format from a consulting
corporation, and both would have a different format from a non-profit). This differentiation in
formatting is not important for the EnviroTech network and also creates a division between
groups that is arbitrary and, thus, not useful.
The categories for a Facebook page are “Information”, “Notes”, “Discussion Board”,
“Reviews”, “Mini-Feed”, “Fans”, “Video”, “Photo” and “Events”. Each of these serves a
different function within the Facebook model of networking and one can look at each of these
applications within Facebook individually to determine which is useful to EnviroTech’s
purposes and which is not.

The most general of the applications is the “Information” box. The box itself allows for
different things depending on the classification of the company. For instance, Envirotech is
classified as a Business Service, which has features that are not included if it is simply
classified as a Store. For the EnviroTech network, all of the information fields should be the
same no matter what type of organization is using them. This ensures that all parties involved
have the space to fully describe their relevance to the environmental community.
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The next application that Facebook uses to organize its pages is the “Notes” feature.
Although this is a helpful organizational tool for Facebook to show content that was added at
a time separate from the profile, it would have very little purpose for the EnviroTech network
and could easily be disposed of. A web-savvy employee could easily make a news section
within the larger general information provided for the page.

Another application that shows what the client has been doing on their Facebook Page is the
“Mini-Feed”, at this time the mini-feed can be manipulated to show or hide any recent
activity that has happened on the page.

Any activity such as a change of information or a new posted note is automatically added to
the mini-feed but can be deleted if the page manager sees fit. This application not only has
almost no purpose other than to allow for cyber stalking, but also allows a company to pick
and choose what activities they want to post and which to keep quiet. The mini-feed has its
place in Facebook because as Facebook defines itself as a “social utility”, the EnviroTech
network is not a social network but is a meant to be a network and framework for businesses,
so the mini-feed has no place there. Similarly, the “Fans” portion has more of a social
function than a concrete business function, so it could either be eliminated or changed to
“Partners”.

The three applications on the Facebook page that need the least modification to fit
EnviroTech’s purposes are the “Photos”, “Videos” and “Events”. The Photos application
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could easily be used to describe projects, research, the organization or interest in general and
is so broad that it can easily be molded to the individual client’s needs.

The photo application appears on the side of the main screen and has a link to albums created
by the client. This is necessary because if a client wishes to include more than a few pictures
on their page simply putting them under general information would clutter the page, and
make it harder to navigate. The Videos tool functions in exactly the same way, except each
video is given a thumbnail picture in the Video box, and to play it a visitor to the page would
simply click on the thumbnail. Posting several videos on the main page would not only clutter
it but also slow the loading time of that page significantly since a video is a very large file.

The Events box has the potential to be a very important networking tool for the users of the
EnviroTech network; it allows the user to post an event on their page, but also to send
invitations to those who they wish to attend their event.

Although networking on the web can be quite helpful, it is probable that an open invitation to
an Event that leads to a face-to-face meeting would be much more effective overall,
especially if more than one group interested in a given cause showed up to the event. We feel
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that this is a necessary element of any page created by the EnviroTech network because of the
high potential this application has when used.

Elements that allow for external manipulation of the client pages should be considered
carefully before being allowed onto the EnviroTech Network. These applications on
Facebook are called “Discussion Board” and “Reviews”. Although these could potentially be
helpful for quality control measures of the companies within the EnviroTech Network, it
would be naive for EnviroTech to ignore the possibility that competing companies would
write bad reviews of one another.

The discussion board pictured here is part of EnviroTech’s page on Facebook, and if
monitored properly, fictitious or lewd posts on the discussion board can be deleted. A
discussion board would be a good forum for frequently asked questions as well as general
inquiries about the company to be asked and answered but would, again, have to be closely
monitored. We propose completely doing away with the “Reviews” section of the page
because the client would be able to simply reject reviews that reflect badly with their full
administrative control of the page. It could be helpful to show the partnerships that the clients
have with one another so that an interested party could get a recommendation from a less
biased source.

Once the Pages have a concrete design, one must consider how to network them together. As
stated earlier, two different criteria would be used to link clients to one another. These criteria
are the function that they serve in the implementation of environmental technology and the
environmental technology that they are interested and/or involved in. The designation within
each of these criteria should be clearly and prominently displayed on all pages. Ideally, the
function designation that they are given would have a hyperlink to an overall group page
showing all others with the same function, and the interest designation would do the same
thing. The group pages themselves should have a complete list of member pages so that from
the group page one could navigate to a client page and vice versa. Networking between
people of the same functions is advantageous for many reasons, not the least of which is the
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support that two similar but non-competitive groups could provide each other. Networking
between groups of similar interests keeps all members that are interested in one aspect
informed on the recent developments of any kind in that area.
These two very simple criteria for creating groups will set EnviroTech’s network apart from
similar networks but also allow for easy navigation between different organizations.
Although as part of our project we created similar groups on Facebook, due to the low
number of sample pages we made there was no reason to create interest based groups, and so
their functionality is limited at present.

The function of group pages in Facebook is normally to link like minded people together, so
the members of a group are linked via their Profiles. The function of the EnviroTech Network
group is to link like-minded organizations, businesses, regulators and individuals, so a link to
the pages is needed, rather than directly to profiles. The profile itself has very little function
in the EnviroTech Network and could simply be dropped by giving clients a login that takes
them directly to their page, so they can navigate the Network from there.

4. Conclusion:

The final EnviroTech webpage should have three basic layers, the overall Group Page, the
individual Group Pages, and the individual Client Pages. The overall Group Page, as shown
below, should have the Groups sorted by their criteria. The Function and Interest based
Groups are separated into different columns and each is a link to the individual Group Pages.
An example individual Group Page, “The Green Building Group Page” is shown below. It
has a general description of the Group’s interest, has an area for recent news and links to all
of the members in the left hand navigation. There is also room on the page to add a Group
discussion board so that questions addressed to the entire group have a more public forum
than a Client Page.
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The final Client Page on the EnviroTech Network should have a basic outline to ensure
uniformity but the flexibility to conform to each clients different needs. Our suggested
template for client pages is below.

The main box, “General Information”, gives the company room to post a description of
themselves, their relationship to the environmental community and any awards or news that
they would like people on the network to see. The category is quite broad so that it is flexible
to conform to everyone’s needs. The “Discussion Board” should have threads that are started
by the client but can be responded to by anyone within the EnviroTech Network. There will
have to be some level of policing to ensure that the discussion boards are not used
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inappropriately. The Partners area is to show what close relationships clients have to one
another to enable other people to get references or see other clients working towards similar
goals.

In the left hand navigation box links to the Groups that each client identifies with are
displayed prominently. Beyond that links to photos, videos and events allow a client to put
extra content on the EnviroTech Network without cluttering their main page. The “Contact
Us” link should either be connected to the site manager’s email or to a message system that is
set up within the EnviroTech Network. The search feature would search within the
EnviroTech Network for keywords so a client profile, a discussion topic, or any other sort of
information could be found easily.
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