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Structure of presentation

A The basics of environmental sustainability:

I We must start by getting right the basic conception of how
the human economy relates to the natural environment 1
we need to understand the environment/resource problem

A Decoupling, resource productivity and eco-
Innovation: policy implications

A Implications for economic growth
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Some perceptions and misperceptions

A There is no shortage of fossil or renewable energy
I The issue is access to energy that is useful for human purposes, i.e.
refined oil products in forecourts or oil tanks, gas in pipelines, electricity
In sockets
I Energy prices reflect availability, i.e. supply/demand (im)balances, not
absolute existence
I Fossil fuels existed well before the industrial revolution, but were
useless because people did not know how to use them; what changed
was the knowledge of how to use them, not the existence of the fuels
themselves.
I The same is true of renewable energy
A There is no shortage of materials
I The issue is access to materials that are useful for human purposes,
some of which are relatively scarce in occurrence
I Once useless materials acquire new uses and values
A One of the major sources of economic growth is the turning of non-
resources into resources
A The process that accomplishes this is innovation

e
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The ecological cycle

— BIOSPHERE

ENVIRONMENTAL
FUNCTIONS
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e Waste absorption (Sink)
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The ecological cycle and human well-
being

i BIOSPHERE [« 7
ENVIRONMENTAL HUMAN
FUNCTIONS BENEFITS
<«—— * Resources (Source) » ® Economy
e Waste absorption (Sink) e Health
e Ecosystem services (life o Welfare
support, amenity etc.)
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The economy as a sub-system of the
biosphere

SOLAR ENERGY

BIOSPHERE
Ecosystem service13
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Energy | | Energy

HUMAN POPULATION
Source
functions

Sink
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The challenge of environmental sustainability

A Climate science and the Millennium Ecosystem
Assessment make clear that without a radical reform of
the human-nature relation 7 in favour of nature T human
civilisation is at grave threat

A Specifically, nine billion humans cannot live current
Western lifestyles and maintain a habitable planet: the
first thing to go will be climate stability, the whole
biosphere may then start to unravel. Issue is saving the
human, not the planet.

A Any aspiration for a sustainable economy must start from
the recognition of the need for the sustainable use of
resources and ecosystems, rooted in basic laws of
physical science

2 —
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Criteria for environmental sustainability (1)

A Non-substitutable, irreversible, immoderate cost (Ciracy-
Wantrup); Safe minimum standard (Bishop)

A Maintenance of biodiversity
A Renewal of renewable resources

A Daly
i Limit the human scale (through
capacity.
I Efficiency (not throughput) increasing technological
progress

I Renewable resource harvest less than regeneration rate;
waste emissions less than assimilative capacities

I Non-renewable resource exploitation rate less than the
rate of creation of renewable substitutes.

e —
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Criteria for environmental sustainability (2)

o ToTo Do Po To Do Do Do

Prevention of destabilisation of global environmental features such as
climate patterns or the ozone layer

Maintenance of biodiversity
Renewal of renewable resources
Maintenance of a minimum life-expectancy of non-renewable resources

Ensuring that emissions into air, soil and water do not exceed their critical
load for ecosystems nor lead to adverse effects on human health

Conservation of landscapes of special human or ecological significance

Avoidance of risk of potentially catastrophic events

Issues of pollution and the depletion of renewables are currently more
pressing than issues of non-renewables depletion

The first priority is to reduce emissions of greenhouse gases to keep
global average warming below 2°C

s
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Functions and sustainability principles

TYPE OF FUNCTION SUSTAINABILITY PRINCIPLE
(related to an environmental theme)

Sink 1. Prevent global warming, ozone depletion
5. Respect critical loads for ecosystems

Source 3. Renew renewable resources
4. Use norrenewableprudently

Life Support 2. Maintain biodiversity (especially species &
ecosystems)
7. Apply the Precautionary Principle

HumanHealthand 5. Respect standards for human health
Welfare 6. Conserve landscape/amenity
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A safe operating space for humanity:

Rockstrom et al. 2009, Nature

climate change
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The imperative of decoupling
physical from financial growth

A

Decoupling: a decline in the ratio of the amount used of a
certain resource, or of the environmental impact, to the value
generated or otherwise involved in the resource use or
environmental impact. The unit of decoupling is therefore a
weight per unit of value.

Relative decoupling: in a growing economy, the ratio of
resource use (e.g. energy consumption) or environmental
Impact (e.g. carbon emissions) to GDP decreases

Absolute decoupling: in a growing economy, the resource
use or environmental impact falls in absolute terms

If GDP growth continues, climate stabilisation at levels of CO2
concentration that limit global average temperature increases
to 2°C will require a degree of absolute decoupling of GDP
from carbon emissions that is outside all previous experience

19
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The necessary improvements in resource
and carbon productivity

A

o To I

To achieve 450ppmv atmospheric concentration of CO,, assuming
ongoing economic and population growth (3.1% p.a. real), need to
increase carbon productivity by a factor of 10-15 by 2050, or approx. 6%

p.a.

Compare current increase in carbon productivity of 0% p.a. over 2000-
2006, i.e. global carbon emissions rose at 3.1% p.a.; also

Compare 10-fold improvement in labour productivity in US over 1830-
1955, must achieve the same factor increase in carbon peoductivity in 42
years

A similar increase in resource productivity is required

Focusing only on carbon may increase other kinds of resource use
A systematic focus on ALL resource extraction is required: make
transparent and accountable the physical basis of the economy
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An unprecedented policy challenge

The Stern Review Policy Prescription for climate change

Carbon pricing: carbon taxes; emission trading

Technology policy: low-carbon energy sources; high-efficiency end-

use appliances/buildings; incentivisation of a huge investment

programme

A Remove other barriers and promote behaviour change: take-up of
new technologies and high-efficiency end-use options; low-energy
(carbon) behaviours (i.e. less driving/flying/meat-eating/lower
building temperatures in winter, higher in summer)

A The basic insights from the Stern Review need to be applied to the
use of other environmental resources (water, materials, biodiversity
[space])

A In a market economy, pricing is the key to resource efficiency,
Investment and behaviour change

A Policy is required to bring about a step-change in eco-innovation

To o
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The Need for Eco-innovation

Aa change i n economic activities
performance and the environment al
(Source: Huppes et al. 2008)

Economic Rrformance

Eco-
IQ | Nnhovation
%0,
DN
N

Environmental Performance
® = Reference for comparison
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Determinants of eco-innovation

A

T>

Do Do Do Do

A
A

Source: Kemp & Pearson 2008, p.7

Inputs: financial and human resources, R&D expenditure supporting the
technological capabilities of a firm;

Environmental policy framework (e.g. regulatory stringency, different
environmental policy instruments such as technology-based standards,
emission taxes or liability for environmental damages);

Existence of environmental management systems, practices and tools;

Demand pull hypothesis: expected market demand, profit situation in
the past;

Appropriation problem: competition situation (e.g. number of
competitors, concentration of the market), innovation cooperation;

Influence of stakeholders and motivations for environmental innovation
(e.g. public authorities, pressure groups such as industry or trade
associations);

Availability of risk capital;
Availability of highly-skilled labour force.

N

3
S
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Policies for eco-innovation (1)

A Market/incentive-based (also called economic)
Instruments

A Regulatory instruments, which seek to define legal
standards in relation to technologies

A Voluntary/self-regulation (also called negotiated)
agreements between governments and producing
organisations

A Information/education-based instruments (e.g. eco-
labels), which may be mandatory or voluntary.

Al mportance of O6policy packs

24
S
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Policies for eco-innovation (2)

AG6No general statements can
of policy instruments that are best suited to support
the development and diffusion of environmental
t e c h n oQostaghuis (2006, p.vi)

A Issues for policy makers
I Asymmetric information
I Commercial confidentiality
I Necessary stringency of standards or economic instrument
I Importance of context, culture and political factors

25
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Case studies

Eki ns, P. & Sal mons, R. ZnddvdliondCencepis,iEvdemeand a |
Policiesb6, COM/ ENV/ EPOC/ CTPA/ CFA(2009) 40/ FI

A CO, emissions from upstream petroleum production
I Norway (NOR) / Netherlands (NLD)

A Vehicle fuel efficiency / CO, emissions
I European Union (EUU) / USA / Japan (JPN)

A Energy efficiency of ICT equipment
I USA /Japan (JPN) / European Union (EUU)

A Solar photovoltaics
I Japan (JPN) / Germany (DEU) / United Kingdom (GBR)

A Substitution of hazardous chemical substances
I Sweden (SWE) / Denmark (DNK) / USA / Germany (DEU) 26
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Case study conclusions

A Both market-based and command & control
Instruments effective in inducing innovation
I voluntary approaches have not performed well

A Stringency of the policy intervention (or scale of
support provided) is a key factor in its impact on
Innovation

I mandatory public procurement
I strong market incentives with significant R&D support
I stringent regulation

ACombi ni ng éptueschhon oalnodg yé mar k e
Interventions is particularly effective

I e.g.Japan ICT energy efficiency / solar PV -
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Conclusions on innovation (1)

A Technology is embedded in socio-economic context.
Innovation is driver of change

A Radical change is likely to be required to meet current
environmental challenges. This implies complex co-
evolving socio-economic transitions

A Environmental policy can certainly influence
technological change, but most evidence relates to
Incremental change

A Indicators of technological change are relatively fast
growth of eco-industries and eco-patents, and absolute
decoupling of environmental impacts.

A Price-based policies can be effective in driving
technological change, but this varies according to
context and situation. Sometimes other kinds of policy

(e.g. regulation) may be more effective
GBS

28
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Conclusions on innovation (2)

A There is little evidence of influence over the direction,
as opposed to the rate, of innovation. Influencing the
direction may be more important for radical
technological change

A Stringency and the point of incidence are as or more
Important as the type of instrument in influencing
technological change

A Need for step change in policy ambition and
effectiveness
A Implications for economic growth
A Political feasibility

29
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The macro-economic costs of increased
carbon and resource productivity

A Pessimists:

A Alternative energy sources/other resources are more expensive, are
bound to constrain growth

A Cheap, concentrated energy and material sources are fundamental to
industrial development

A Optimists (broadly the Stern Review arguments):
A6Costsd are really investments, can

A Considerable opportunity for zero-cost or net gain investment in resource
conservation and productivity

A A number of low-resource technologies are (nearly) available at low
incremental cost over the huge investments in the energy and other
systems that need to be made anyway

A6bLearning curved experience suggest
will fall dramatically

A Climate change and other resource productivity policies can spur

innovation, new industries, exEorts and ﬁrovvth
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The hope for affordable economic cost

Nil or
Nil Cost Low Cost

~S Improved ¢

energy/resource

Changes in lifestyle efficiency:
In households,

companies

Renewable /

low carbon

energy and
other resources

1

Low Cost as % of GDP
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The benefits of iInnovation to increase
resource productivity

A Savings to business: £6.4 billion from measures

t hat oO0cost Il ittle or not
A Innovation: new technology, economic activity,
exports

A Increased resource security (reduced
vulnerability): food, water, energy, rare materials

A Environmental improvement: reduced GHG
emissions, waste to landfill, extraction of virgin
materials
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The (micro)economic cost: global cost
curve for greenhouse gas abatement

Biodiesel
Carbon, capture, and storage (CCS); new coal Woaste | Industrial CCS
Coal-to-gas shift
Medium-cost forestation CCS: coal retrofit
Cofiring biomass Industrial Higher-cost
100 Wind; low penetration motor systems abatement
Industrial feedstock substitution L
WOl
CCS, enhanced ail recovery, new coal Neforestation
50 Low-cost forestation -

= Livestock " Further potential?
= Nuclear ‘
= |
s 0
— &
s | Industrial non-COz
= Standby losses
a
= _50 Sugarcane biofuel 550 pprm 450 ppm* 400 ppm?
(1~
= | Fuel efficiency in vehicles ~25 ~40 ~50
2 Water heating Marginal cost,® € per tC0,e?
= —100 Air-conditioning

| Lighting systems

Fuel efficiency in commercial vehicles

—150
5 10 15 20 25 30 35

L

e . Abatement beyond "business as usual, GtCO,e’ per year in 2030
Building insulation

IGtCO, e = gigaton of carbon dioxide equivalent; “business as usual™ based on emissions growth driven mainly, by increasing
demand for energy and transport around the world, and by tropical deforestation.

*CO,e = ton of carbon dioxide equivalent.

3Measures costing more than €40 a ton were not the focus of this study.

‘f.-'—'&ctnospherjc concentration of all greenhouse gases recalculated into CO,; equivalents; ppm = parts per million.

?Marginal cost of avoiding emissions of 1 ton of CQO, equivalents in each abatement demand scenario.

Copyright © 2007 McKinsey 8 Company

Source: A cost curve for greenhouse gas reductions, The Mckinsey Quarterly, February 2007
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Cost evolution and learning rates for
selected technologies

10
% 1985
g Photovoltaics (~65%)
o
O
i) |995
%‘ 1980 Wind power - average (82%) Electricity from
= bi ~85%
S 0.1 1 Wind power - best % {' :
= performance (82%) . .
5 Supercritical coal (97%)
E 1995 NGCC (96%)
qul T T T T
0.0l 0.1 | 10 100 1.000

Cumulative electricity production (TVVh)

Source: IEA, 2000, Stern Review, Chapter 9
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The promise of industrial symbiosis

NISP outputs (investment £28m over 5 years)
5-year figures = 60% attribution and 20% annual persistence decay

Actual 5 years Public investment/
unit output
Landfill diverted (mt) 7.0 12.6 0.31 (E/t)
CQ reduction (mt) 6.0 18.1 0.36 (E/t)
Virgin materials saved (mt) 9.7 29.1 0.23 (E/t)
Hazardous materials reduced (mt) 0.36 1.1 6.04 (ENY)
Water saved (mt) 9.6 28.7 0.23 (E/t)
Extra sales (Em) 176 317 0.012 (E/E)
Costs saved (Em) 156 281 0.014 (E/£)
PLUS
Extra Government revenue (Em) 89 0.31(£/E)
Fiscal multiplier: 3.2 (£/£)
Private investment (£m) 131
Jobs created 3683
Jobs saved 5087
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Policies for resource productivity (lessons
from NISP) (1)

A Importance of prices to drive productivity improvement
I Landfill tax in 2013 will drive out landfill
I Carbon price to drive energy from waste, CHP, biogas, recycling

I Green fiscal reform (Green Fiscal Commission) can meet 2020 carbon
reduction targets

A Prices not enough: need for regulation, information

I Pricing too difficult: land use, planning, biodiversity, Water Framework
Directive, product design/performance (e.g. buildings, vehicles,
appliances)

T Prices donot wor K: I nformation f ai l

A Culture, habits, institutional structure (attention/job description)

ABusinesses wonodt pay e\ eationdetioopulgih very
intervention (Landfill Tax i businesses pay for disposal; NISP i businesses
improve resource and economic efficiency; businesses and government
better off)
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Policies for resource productivity (lessons
from NISP) (2)

A Rising resource prices support technology, knowledge
and innovation

A Complementary policy (e.g. through Knowledge Transfer
Networks) can magnify resource-price impacts and
accelerate innovation

I Developing collaborative research
I Sophisticated nation-wide information system

I Reducing time lag between invention and implementation, accelerating
diffusion

I Helping industry identify and overcome current market barriers
I Meeting R&D and technology innovation needs of industry

I Research found that 75% of all NISP-i nspi red projects
included innovation

A 50% involved best available practice
A 20% involved new research

A Realistic resource and waste prices are not the whole

storx, but an essential Eart of the mix
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Estimating the macro-economic cost of
carbon reduction

A Models are essential to integrate cost data in a

representation of

I The energy system (MARKAL): energy system cost, welfare
cost, GDP cost
I The economy : macro-econometric/general equilibrium models
i Good model s afngabbagbagaetdn get |

right
ASternds conclusion (p.267)
I NnOverall, the expected annual C

reductions, consistent with an emissions trajectory leading to
stabilisation at around 500-550 ppm CO.e, is likely to be around

1% GDP by 2050, with a range of +/-3%, reflecting uncertainties

over the scale of mitigation required, the pace of technological

l nnovation and the degree of pol
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Scatter plot of model cost projections, 2000-2050

Each point refers to one year 0| C
for changes from reference case for CO2 and the associated
all = change in GDP (from four sources, for periods over 2000-2050)
5 S — g
N o > 4
o g B
X 0 3 T I e e 0 —
— G) "n‘ Y% W ',“‘_“i_’ 4 ca “O%L | o _ )
S © i AT 2
© T i -4
N -70% |-,
QD T - 2 1| - -6 1
-100 -80 -60 -40 -20 0 20
CO, difference from base (%)
- IMCP with ITC dataset - post-SRES dataset
WRI dataset (USA only) EMF-21 with multigas
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The cost/political feasibility paradox (1)

A The technologies for large-scale climate change mitigation and
Increased resource productivity in other areas are, or soon will be,
available at affordable cost.

A Government funding of R,D&D will need to increase dramatically, but
deployment and diffusion can only be driven at scale by markets.

A Developing and deploying the technologies will require huge
iInvestments in low-resource technologies right along the innovation
chain (research, development, demonstration, diffusion).

AFinancing this investment wil/| r e
consumption-oriented economy of today to an investment economy
that builds up low-resource infrastructure and industries.

A [Fundamental accounting identity: GDP = C + | + G + (X-M)]
A This shift need not impact negatively on GDP (incomes) and
employment but will require higher savings and lower consumption
rates. This may not be politically popular in a consumer society (UK
savings rates fell below zero in early 2008).
s
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The cost/political feasibility paradox (2)

A Stimulating the required investment will require high (now) and rising
resource prices over the next half century, to choke off investment in
resource-intensive technologies and incentivise low-resource
investments.

A These high resource prices will also greatly change lifestyles and
consumption patterns. This too may not be politically popular.

Conclusion

A It is not technology or cost, that are the constraining factors to increased
resource productivity, but politicsir el at ed t o peopl ebds
consumption rather than savings/investment, and aspects of high
resource-consuming lifestyles.

A Changing this political reality is the necessary condition for the
adequate resolution of environmental sustainability problems including
climate change, which will alone avoid the potentially enormous, but still
very uncertain, costs of adapting to climate and other events and
conditions outside all known human experience.
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Global Ecosystems: States and trends
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Can the world rise to an
acceptable level of human
development without

overloading its environment?

Country population (coloured by region):

Exceeds biosphere's average capacity

per person, low development

Fig. 8: HUMAN DEVELOPMENT INDEX
AND ECOLOGICAL FOOTPRINTS, 2003
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To ensure societal well-being (now
and later, within sustainability
threshold):

Appropriate institutional choices,
including valuation of biodiversity.

Exceeds biosphere's average capacity

Country population (coloured by region): per person, low development

Fig. 8: HUMAN DEVELOPMENT INDEX
AND ECOLOGICAL FOOTPRINTS, 2003
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Define a currency
e.g. CO,e
e.g. Habitat Hectare or species richness

Approve methodologies & standards

e.g. CDM
e.g. Sustainable Forest Management Standards

Negotiate targets/caps and timelines

e.g. 2 C average warming above pre industrial levels
e.g. Protected area coverage

Choose investment instruments

e.g. Cap and trade emissions
e.g. Habitat credit trading

Monitor, Report, Verify
e.g. National reports to UNFCCC; Carbon disclosure project
e.g. National biodiversity action plans and national reporting (CBD)

Learn and adapt

e.g. Commitment periods
e.g. ???
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Number of marine species
1-4
5-9
10 - 14
- 15- 1B

- 19 - 22
B 23-24
B 25- 26
Bl 27 - 29
Bl 0-22
Bl 24 - 41
Number of terrestrial species
1-18
18- 37
3B - 55
' S5B6-75
B 76 - 102
B 103 - 131
P 132 -158
IJUCN Global B 159 - 184
B 165 - 213
Bl 214 - 274

Source: IUCN Red List (2011) http://www.iucnredlist.org/initiatives/mammals/analysis/geographic-patterns
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Source: NASA Earth Observatory. Data from Michael Lefsky.



Programmes
Biodiversity and Ecosystem Services Sustainability Initiative
www.nerc.ac.uk/research/programmes/bess

Ongoing & forthcoming activities

Valuing Nature Network
Pl. Prof. lan Bateman, UEA

Forest-Finance Risk Network
Pl: Dr. Genevieve Patenaude, UoE

NERC mission concept. Multispectral Canopy Lidar
Pl. Dr.lain Woodhouse, UoE;
CO-I: Dr. Genevieve Patenaude, UoE et al.

Overview of datasets and activities
Grants on the Web (GOTW)

gene
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