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Key messages

1. A Green Economy grows faster than a brown economy over time, while maintaining and

restoring natural capital. Quantitative modelling for the Green Economy Report demonstrates
that greening can not only generate increases in natural capital, but also produce a higher rate of
Gross Domestic Product (GDP) growth - a classical, if outdated, measure of economic performance.
Gross Domestic Product in the green scenario is projected to overtake business-as-usual (BAU)
within ten years. An adjusted measure of net domestic product, accounting for both physical capital
depreciation and also for natural capital depletion, achieves this result even earlier, indicating that
a green economy offers improved and integrated capital management.

2. Business-as-usual can only deliver development gains at an unaffordable price. Under a
BAU scenario, which replicates historical trends and assumes no fundamental changes in policy or
external conditions to alter the trends, development benefits in terms of GDP growth and poverty
reduction may continue for some time. But, these development gains would be achieved at an
unaffordable price. Business-as-usual continues on the current high carbon intensity development
path, with its associated environmental impacts, especially in terms of the long-term concentration
of atmospheric greenhouse gases (GHG), which would approximate 1,000 ppm CO,-eq by 2100,
resulting in temperature increases most likely around 4 degrees centigrade (as per IPCC scenarios
A1B and A2). In addition, BAU would also significantly draw down natural capital assets; the results
indicate that the global ecological footprint would be more than two times the available bio-
capacity of the earth.

3. A green economy promotes pro-poor growth and achieves energy and resource efficiency.
A green economy strengthens pro-poor economic growth through building up natural capital, on
which the livelihood of the poor depends. In a green investment scenario, 2 per cent of global GDP
is allocated to greening the energy, manufacturing, transport, buildings, waste, agriculture, fisheries,
water and forests sectors. In the simulations, these investments help to, by 2050, potentially double
fish stocks, and increase forestland by one-fifth, as compared to BAU. They would also reduce use of
fossil fuels by 40 per cent, and demand for water by about 20 per cent, relative to BAU. By maintaining
and building up natural capital and mitigating resource scarcity, these investments would provide
the basis for enhanced human well-being, and sustained economic growth over the next 20 to 40
years, at least as strong as BAU with considerably reduced downside risks.
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4. A green economy has the potential to create additional jobs in the medium to long run.
A shift to a green economy also means a shift in employment, which, at a minimum, should not lead
to a net loss of jobs. The jobs created will at least make up for the losses that would be incurred from
transforming environmentally unsustainable activities. In the short- and medium-term, the net direct
employment under green investment scenarios may decline due to the need to reduce excessive
resource extraction in sectors such as fisheries. But between 2030 and 2050, these green investments
would create employment gains to catch up with and likely exceed BAU, under which employment
growth will be further constrained by resource and energy scarcity and the impact of climate change.

5. The greening of most economic sectors would reduce GHG emissions significantly. With
about 1.25 per cent of global GDP invested in raising energy efficiency across sectors and expanding
renewable energy, including second generation biofuels, global energy intensity would be reduced
by 36 per cent by 2030 and annual volume of energy-related CO, emissions would decline to 20
Gt in 2050 from 30.6 Gt in 2010. Including the potential carbon sequestration of green agriculture,
a green investment scenario is expected to reduce the concentration of emissions to 450 ppm by
2050, a level essential for having a reasonable likelihood of limiting global warming to the threshold
of 2 degrees centigrade.

6.A green economy sustains and enhances ecosystem services. Green investments in the
forestry and agricultural sectors would help reverse the current declines in forestland, rejuvenating
this important resource to about 4.5 billion hectares over the next 40 years. Higher yields from
investing in green agriculture would reduce the amount of land used for crops and livestock in 2050
by 6 per cent compared with projected BAU trends, while producing more food. Soil quality would
rise by a quarter on average in 40 years. In addition, investments to increase water supply and expand
access, while improving management, would provide an additional 10 per cent of global water
supply in both the short- and long-term, and also contribute to sustaining groundwater and surface
water resources. In the fisheries sector, the reduction of excessive capacity would help fish stocks
to recover by 2050 to 70 per cent of their total level in 1970, as compared with a projected further
decline to 30 per cent of the 1970 level under BAU. These investments in “ecological infrastructure”
help to restore the earth’s bio-capacity and also to enhance human well-being.

NP 3%
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1 Introduction

This chapter describes the modelling exercise
conducted for the entire Green Economy Report (GER)
and presents its results. The modelling was to test
the hypothesis - which gave rise to this report -
that investing in the environment delivers positive
macroeconomic results, in addition to improving the
environment. The modelling tool used is the Threshold
21 World model (T21-World), which comprises several
sectoral models integrated into a global model. The
sectoral models are at the core of the modelling
exercise supporting the analysis carried out by the
authors of the GER. The modelling traces the effects of
investing various amounts of GDP in green -as opposed
to business-as-usual (BAU) — economic activities in
terms of stimulating the economy, improving resource
efficiency, lowering carbon intensity, and creating jobs.

The next section describes the key issues that need
to be addressed by a modelling framework that tries
to quantify the challenges of moving towards a green
economy. The third section describes key features
of the modelling structure. This is followed by a
section describing the assumptions underlying the
various scenarios: a BAU scenario with no additional

investment, two BAU scenarios with increased
levels of investment, but no change in energy and
environmental policies (BAU1 and BAU2), and two
green scenarios which combine the higher levels of
investment with improved environmental polices
(G1 and G2). After that, a fifth section describes the
results of the various scenarios. This is followed by a
short concluding section. Additional technical details
are provided in an Annex as well as in the separate
Technical Background Material.

It should be noted that all sector chapters in this report
have, to a varying extent, made use of the results from
the modelling exercise presented here. Although the
modelling includes a number of scenarios, the sector
chapters generally compare only one green scenario,
G2, with the corresponding BAU2 scenario, in addition
to describing relevant aspects of the baseline BAU
scenario.The G2 scenario is more relevant as it explicitly
aims to reduce CO, emissions sufficiently to achieve an
atmospheric concentration of 450 ppm, as well as a
number of other policy targets in the areas of nutrition,
fisheries management, reducing deforestation, water
availability and waste management.
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2 Understanding the

green economy

The key drivers of a green economy, as represented in the
global model developed for the analysis carried out in the
GER, are stocks and flows of natural resources in addition
to the stocks and flows of capital and labour which are
important in any long-term economic model. Stocks are
accumulations of inflows and outflows (as forests are the
accumulation of reforestation and deforestation). In the
T21-World model, moreover, capital and labour are needed
to develop and process natural resource stocks. Thus, three
key factors transform natural resources into economic
value added: the availability of capital (which accumulates
through investments and declines with depreciation),
labour (which follows the world demographic evolution,
especially the age structure, and labour force participation
rates), and stocks of natural resources (which accumulate
with natural growth — when renewable - and decline with
harvest or extraction). Examples of the direct impact of
natural resources on GDP are the availability of fish and
forest stocks for the fishery and forestry sectors, as well as
the availability of fossil fuels to power the capital needed to
catch fish and harvest forests, among others. In this respect,
the T21 model accounts for both monetary and physical
variables representing each sector in a coherent and
consistent manner. Other natural resources and resource-
efficiency factors affecting GDP include water stress and
waste recycling and reuse, as well as energy prices, all of
which are endogenously determined.

The analysis carried out in the GER focuses on the transition
towards a green economy, characterised by high resource-
efficiency and low-carbon intensity, assessing the needs
for a short- to medium-term transition and evaluating the
impacts of a longer-term green economic development.
Emphasis is therefore naturally put on stocks because
they define the state of the system, as highlighted by
projections of many key indicators for sustainability, such
as the ecological footprint.! In fact, longer-term sustainable
growth is related to the sustainable management of natural
resources, such as water, land and fossil fuels. Increasing
the efficiency of use and curbing waste of such resources
would reduce the decline of stocks, or even support their
growth in certain cases. In this respect, understanding the
relationship between stocks and flows is crucial (e.g. the
concentration of emissions in the atmosphere may keep
increasing, even if yearly emissions are kept constant or
decline. Carbon concentration will decline only if yearly

1. The ecological footprint is a measure of humanity’s demand on nature. It
represents how much land and water area a human population requires to
regenerate the resources it consumes and to absorb its wastes (GFN 2010).

emissions are below the natural sequestration capacity of
forests and land, among others).

The economic growth of recent decades, while profiting
from the contribution of natural resources, did not allow
stocks to regenerate (as has been illustrated by the
Millennium Ecosystem Assessment). For instance, today
only 25 per cent of the commercial fish stocks, mostly
of low-priced species, are underexploited (FAO 2008)
and some 27 per cent of the world’s marine fisheries
had already collapsed by 2003 (Worm et al. 2006); oil
production has reached its peak and is declining in most
countries (EIA 2009), and global peak oil is expected to
take place between now and 2015 according to some
(ASPO-USA 2010) or after 2030 according to others

Gross Domestic
Product

Demand of
natural resources

Supply of
natural resources

Fossil fuels J
Resource
Water  gepletion
Forests

Resource efficiency

Figure 1: The relations between economic growth
and natural resources

Natural resources are both a driver and a possible
constraint of economic growth. The higher GDP,
the higher demand for natural resources; growing
demand leads to higher production, which depletes
stocks — all else being equal. Declining stocks, on the
other hand, reduce potential medium- to longer-
term production of natural resources, potentially
constraining economic growth. Resource efficiency is
promoted in the GER, to reduce demand and improve
the management of supply. The rebound effect is also
taken into consideration, as it normally reduces the
intended benefits of efficiency improvements by
increasing demand.
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(IEA 2009); water is becoming scarce and water stress is
projected to increase with water supply satisfying only 60
per cent of world demand in 20 years (McKinsey 2009);
agriculture saw increasing yields primarily owing to the
use of chemical fertilisers (FAOSTAT 2009), which, on the
other hand reduced soil quality (Muller and Davis 2009)
by almost 10 per cent relative to 1970 levels, and did not
curb the growing trend of deforestation-remaining at 13
million hectares per year in 1990-2005 (FAO 2009).

There has been a long-standing perception among
both the general public and policy makers that the
goals of economic growth, environmental protection,
national and energy security involve a complex
set of trade-offs, one against another (Brown and
Huntington 2008; CNA 2007; Howarth and Monahan
1996). This study aims at analysing the dynamic
complexity of the social, economic, and environmental
characteristics of our world with the goal of evaluating
whether green investments can create synergies and

help move toward various green economy goals:
resilient economic growth, job creation, low-carbon
development and resource efficiency.

By adopting an integrated approach focused on
the interaction of stocks and flows across sectors,
this chapter examines the hypothesis that a correct
management of natural resources does not necessarily
imply accepting lower economic growth going
forward. Instead, it explores the question of whether
equal or higher growth could be attained with a more
sustainable, equitable and resilient economy, in which
natural resources would be preserved through more
efficient use. This initial framing is in contrast with
a variety of sectoral reports focused on energy and
climate change mitigation scenarios. By way of contrast,
the green economy approach supports both growth
and low-carbon development, by reducing emissions
and conserving stocks in the short-term to profit from
their healthier state in the future.
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3 Modelling the green economy

National governments often formulate long-term
development objectives and a strategic approach to
achieving them articulated in a development plan. A
description of policies and measures to achieve the
stated development goals forms the basis for shorter-
term decision-making, such as the expenditure
and revenue-raising plans reflected in the annual
budget. Quantitative models have been developed to
approximate the relationships among policy measures
and development objectives.

3.1 A characterisation of
modelling approaches

Over the last 40 years, a variety of applied models
and modelling methods have been developed to
support national planning. Among those tools, the
most commonly used today include: Disaggregated
Consistency (DC) models, Computable General
Equilibrium (CGE) models, Macro-Econometric (ME)
models and System Dynamics (SD) models.? These
methods have proven useful to different degrees for
various kinds of policy analyses, especially for mid-
short-term financial planning. While recent global
developments have stressed the importance of jointly
addressing the economic, social, and environmental
dimensions of development, most of the methods
mentioned above do not effectively support integrated
long-term planning exercises.

More specifically, CGE models are based on a matrix
of flows concept, where actors in the economy
interact according to a specified set of rules and
under  predetermined  equilibrium  conditions
(Robinson et al. 1999). Initially conceived to analyse
the economic impact of alternative public policies,
e.g. those that work through price mechanism, such
as taxes, subsidies, tariffs, recent CGE models include
social indicators (Bussolo and Medvedev 2007) and
environmental ones (OECD 2008). Macro-Econometric
(ME) models are developed as combinations of
macroeconomic identities and behavioural equations,
estimated with econometric methods (Fair 1993), and
they are largely used by national and international
financial organisations to support short and mid-
term macroeconomic policy analysis, such as
general fiscal and monetary policies. Disaggregated
Consistency (DC) models consist of a combination of

spreadsheets representing the fundamental national
macroeconomic accounts, and enforcing consistency
among them; well-known examples of such category
of models include the World Bank’s RMSM-X (Evaert
et al. 1990) and the International Monetary Fund’s
FPF (Khan et al. 1990), mostly used to analyse the
macroeconomic impact of adjustment programmes.
The three methods described above focus primarily on
the economic aspects of development, and in general
are not designed to support integrated, long-term
planning exercises.

As a technique to analyse a variety of development
issues (Saeed 1998), including national policy analysis
(Pedercini and Barney 2009), the methodology of
systems dynamics (SD), conceived in the late 1950s at
the Massachusetts Institute of Technology (MIT), has
greatly evolved over the last 25 years (see Forrester
1961 for early examples on the use of this methodology).
Specifically, the SD method has been adopted in
various instances to analyse the relationship between
structure and behaviour of complex, dynamic systems.
In SD models, causal relationships are analysed, verified
and formalised into models of differential equations
(see Barlas 1996), and their behaviour is simulated and
analysed via simulation software. The method uses a
stock and flow representation of systems and is well
suited to jointly represent the economic, social, and
environmental aspects of the development process.

3.2 The Threshold 21 World model

The approach proposed uses system dynamics as
its foundation and incorporates optimisation (for
technical choice in the energy sector), econometrics
(for parameters of production functions) in the
construction of the model, and simulations to illustrate
possible alternative futures.

The model developed for the GER, largely drawing
upon the Threshold 213 family of models created by
the Millennium Institute (see, among others, Ml 2005,
Bassi 2010b), builds on assumptions (structural and
numerical) from existing detailed sectoral economic
and physical models into a comprehensive structure
that generates scenarios of what is likely to happen
throughout an integrated economic, social, and
environmental system (see Figure 2).

2. For more information on models for national development, planning
see Pedercini (2009).

3. The name Threshold 21 comes from the belief that the 21st century is
going to be a threshold period for humankind.
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Figure 2: Conceptual overview of T21-World

The environment, society and the economy represent the highest level of aggregation in the model (see left).
Although our environment encompasses society and the economy, for simplicity we represent them separately in
this report, to highlight the interconnections existing across them (see right).

By generating systemic, broad and cross-sectoral
scenarios over time that address environmental,
economic, and social issues in a single coherent
framework, the global model simulates the main short-,
medium- and longer-term impacts of investing in a
green economy. As a global model without regional
or national disaggregation, changes in geographical
patterns of economic activity, social characteristics or
environmental impacts are not explicitly represented
(as explained in Annex 1). Furthermore the global
model does not address explicitly the responsibilities
or reactions of different actors, particularly
governmental authorities. The most important
contribution of this model is its systemic structure
that includes endogenous links within and across

the  economic, social, and  environmental
sectors (all defined at a global aggregate level)
through a variety of feedback loops.* Most existing
models focus on one or two sectors, but make
exogenous assumptions about other sectors that affect
and are affected by the sector under consideration.
Using endogenous formulations instead improves
consistency over time and across sectors, because
changes in the main drivers of the system analysed are
reflected throughout the model and analysis through
feedback loops.

4. Feedback is a process whereby an initial cause ripples through a chain of
causation ultimately to re-affect itself (Roberts et al. 1983).
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4 Scenario definition and challenges

The model was used to simulate two green investment
scenarios — promoting resource efficiency and low-
carbon development - to be compared with BAU or
baseline scenarios that favour a more conventional use of
resources and fossil fuels.

The BAU case replicates history over the period 1970-
2009, and assumes no fundamental changes in policy
or external conditions going forward to 2050. This
scenario is set up and calibrated to reflect baseline
projections of various existing sectoral models and
reports on population, economy, energy, transport
and water, including among others: United Nations
World Population Prospects (WPP) (UNPD 2009), World
Bank’s World Development Indicators (WDI) (WB 2010),
OECD’s Environmental Outlook to 2030 (OECD 2008),
FAO's FAOSTAT (FAO 2010) and State of World's Forests
(FAO 2009), McKinsey’s Charting Our Water Future
report (McKinsey 2009), IEA’s World Energy Outlook
2010 (IEA 2010), Sustainable Production of Second
Generation Biofuels (IEA 2010), Transport, Energy and
CO, (IEA 2009) and Energy Technology Perspectives
(IEA 2010) and Global Footprint Network (GFN) reports
(GFN 2010).

’

The two green scenarios (G1 and G2) assume increased
investments over the period 2010 to 2050, and these
are contrasted with two respective business-as-usual
scenarios (BAU1 and BAU2) in which the same amounts
of investments are simulated, but allocated according to
existing patterns.® Green scenarios simulate additional
investments that increase resource efficiency and reduce
carbon intensity while creating jobs and stimulating
economic growth. Efficiency improvements driven by
investments can be achieved both directly - through
the construction of more efficient infrastructure
and adoption of resource-saving technologies - and
indirectly - through technological advances due to
relevant research and development. Examples include
investments in renewable energy (e.g. power supply) and
energy-efficiency improvements. Further, investments
are allocated to reduce deforestation and increase
reforestation, or to reduce extractive capacity in the
fishery sector and support the restoration of fish stocks.

5. Two different methods were developed to simulate green economy
investments and analyse them. (1) The first approach simulated additional
investments, both green and following business-as-usual, across sectors. (2)
The second approach shifts investments from business-as-usual to green. In
this case investments are practically reallocated to green investment across
sectors. The first approach is presented in this chapter. A comparison of
the results obtained through the simulation of both methods is presented
in section |, Technical Background Material. In brief, our analysis indicates
that when using the same assumptions, results of the simulations do not
significantly differ from each other for most variables.

The green scenarios build on and extend the
recommendation of UNEP's Global Green New Deal Policy
Brief (UNEP 2009), which called for a significant portion
of the stimulus packages - at least 1 per cent of GDP - to
be channelled towards investments in a range of green
sectors. As a response to the multiple crises facing the
world, such an investment was proposed as a means to
revive the global economy, while embarking on a new low-
carbon, resource-efficient growth path. At the global level,
commitments fell well short of this target, although the
Republic of Korea and China both stand out as countries
that allocated more than 5 per cent of GDP, in the form of
their stimulus packages, to investments in green sectors.
The Republic of Korea also extended this programme into
its medium-term “Five-Year Green Growth Plan” (2009-
2013), which devotes 2 per cent of GDP to investments in
climate change and energy, sustainable transport and the
development of green technologies. The green scenarios
here represent a similar strategy of embedding green
investments and enabling policy framework into a long-
term commitment.

As stated, the BAU1 and BAU2 scenarios assume
additional investments, as in the green cases, but project
the continuation of the current trends for resource
use and energy consumption, among others. More
specifically, these scenarios assume that no additional
investments — relative to BAU - will be allocated to
the expansion of renewable energy, that agriculture
will continue to rely on chemical fertilisers, and that
deforestation will not be curbed.® Instead, growth will be
attained through resource exploitation, including draw
down of fossil fuels, fish and forest stocks.

The comparison of green and BAU scenarios for selected
sectors and actions are listed in Figure 3 and Table 1.

The G1 and G2 green investment scenarios are
constructed for different purposes and emphases,’
but are not meant to be exhaustive in terms of the
potential breadth and extent of scenarios. The 1 per

6. The BAU does already incorporate, though indirectly, current trends
in investments in such sectors, but does not anticipate major changes in
those trends.

7. A variety of additional investment scenarios could be easily simulated
and analysed. On the other hand, for simplicity and to present a solid
analysis that could be easily compared with other leading studies, the 1
per cent and 2 per cent cases were selected. Investment scenarios beyond
2 per cent of GDP were also carefully assessed, and discarded due to lack
of information on (1) potential feasible reductions in energy and material
consumption and (2) related costs (e.g. carbon abatement cost) beyond
peer reviewed and published estimates. For instance, if carbon abatement
were to be pushed beyond IEA’s estimations, assumptions on the marginal
costs of doing so would need to be made by the authors. In our analysis
instead, we rely on existing estimates, to be consistent and coherent with
state of the art research across sectors.
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Figure 3: Representation of the main underlying
assumptions of green and BAU investments

cent case (G1) is an experimental exercise to clarify
and illustrate the concept of green economy - as it
assumes an about equal allocation of funds across
the sectors analysed - and to compare the projected
impacts of the implementation of a green economy
strategy with, among others, climate scenarios such
as IEA’s 450 case. On the other hand, the 2 per cent
case (G2) can be considered more relevant and
coherent. In this case, current key issues, such as
climate change, water scarcity and food security,
determine the allocation of the investment across
sectors. Being central to addressing climate change,
energy investments are prioritised in this scenario
to reach the emissions targets of IEA’s 450 and BLUE
Map scenarios. It is important to note that, for the most
part and unless otherwise stated, the sectoral chapters
in the GER refer to G2 as the green investment scenario.

More specifically, these scenarios include investments
in agriculture, fisheries, forestry, water, waste and
energy, also allocated across sectors, such as industries,
transportation, buildings and tourism. Cities are also
analysed. More details on the scenarios follow:

Scenario G1: assumes that 1 per cent of global GDP is
channelled annually through green investment. In this
green scenario, 1 per cent of GDP is generally divided
equally among the sectors, each receiving 10 per cent of
the green investment, with some exceptions, as
highlighted in Table 2, depending on specific
sectoral targets. This distribution of funds serves to
illustrate the broader benefits of greener investments,
providing national leaders facing socio-economic
and environmental challenges with insights on likely
impacts of increasing green investments. For cities, in
addition to analysing the impacts of global investment
on urban settings, we simulate the allocation of 1
per cent of urban GDP to expand public transport,
being key to cities’ socio-economic as well as spatial
development.

Scenario G2: assumes that 2 per cent of global GDP
is channelled annually through green investments. In
this scenario, priorities are driven by sectoral policy
targets, emphasising energy and climate change (which
according to the IEA would require approximately 1 per
cent of global GDP through 2030 to reduce emissions to
450 ppm concentration, and limit global warming to 2°
Q). As a consequence, a higher share of GDP is allocated
to energy (both demand and supply measures) and
the remainder is shared across the remaining sectors
(e.g. agriculture, forestry, fishery, waste and transport
infrastructure).

The investments under G1 and G2 take place on an annual
basis over the period 2010-2050, implying a concerted
but gradual shift in shifting the economy’s capital stock
and reducing potential: costs of premature obsolescence.
Scenarios BAU1 and BAU2 also assume additional
investments of 1 per cent and 2 per cent of GDP, as is the
case with G1 and G2, but these are allocated across the
economy in a BAU context, without targeting specific
sectors. Generally, the effects of G1 and G2 are evaluated
in comparison to projections under BAU1 and BAU2 (the
additional BAU scenarios), respectively.

Sector and objective

BAU Scenarios®

Green Scenarios

Agriculture
Yield increase

Higher utilisation of chemical fertilisers

Expansion of conservation agriculture, using organic
fertilisers, among others

Energy
Expansion of power generating capacity

Thermal generation (fossil fuels)

Renewable energy power generation

Fisheries . . . Reduction of the vessel fleet, investing in stock management
- Expansion of the vessel fleet, pushing catch in the short-term - . :

Increase production to increase catch in the medium- and longer-term

Forestry . Curb deforestation and invest in reforestation
. Increase deforestation .

Increase production (expanding planted forests)

Water . . Invest in water efficiency measures, water management

Increase water supply through higher withdrawal A : .
Manage supply and demand (including ecosystem services) and desalination

2 Refers to BAU1 and BAU2 with additional investments allocated to match existing patterns.

Table 1: Comparison of scenarios for selected sectors and objectives




4.1 Defining investments
and methodology

It is worth noting that a variety of policies are
simulated together with the allocation of investments
to green sectors. In fact, our scenarios account for
both public and private investments, and assume that
the total amount allocated is effectively spent across
sectors. For this reason, when we refer to investment,
we consider both public and private expenditure. The
formercanberepresentedbyfiscal policiestostimulate
the purchase of more efficient capital (e.g. tax rebates
for purchasing a fuel efficient car, or a refrigerator) and
the latter is the actual private expenditure to make the
purchase. In addition, investment is generally referred

Modelling

to here in its economic sense as increases to fixed
capital, including infrastructure.® It will be important
to develop criteria and indicators that can be used to
monitor relevant investments under eventual green
investment scenarios.

In the modelling exercise, the source of funding for
green investments is not explicitly defined. This is
due to the fact that different governments, facing
different constraints and being characterised by
very heterogeneous contexts, may prefer to rely
on different policies and schemes to support the
transition to a green economy.

Share of green

Sector investment Share of GDP Sectoral targets
G1 G2 G1 G2
Agriculture 10 8 0.1 0.16  Increase nutrition levels to 2800-3000 Kcal/person by 2030 (FAO 2009).
Buildings 10 10 01 02 Increase energy efficiency to reach energy consumption and emissions reduction targets set in IEA's BLUE Map

scenario (IEA 2008).

Energy (supply) 15 26 015 052

Increase the penetration of renewable energy in power generation and primary energy consumption to reach
targets set in IEA's BLUE Map scenario (IEA 2008).

Fisheries 10 8 0.1 0.16  Restore fish stock to potential reach the maximum sustainable yield set by FAO by 2050.
- ) . . - .
Forestry 3 5 003 0.03 Phase ina 50% reduction in deforestation by 2030, and increase planted forests to sustain forestry
production.
Industry 6 3 006 006 |ncrease energy efficiency to reach energy consumption and emissions reduction targets set in IEA's BLUE Map
Tourism 10 10 0.1 02 scenario(IEA2008).
Expand public transport and increase energy efficiency to reach energy consumption and emissions
Transport e L 016 034 reduction targets set in IEA's BLUE Map scenario (IEA 2008).
Waste 10 8 0.1 0.16  Reducing 70% of waste that goes to landfill through proper implementation of 3Rs.
Water 10 8 01 016 é\(t)aa(;r)l the MDGs for water and reduce water intensity (reduce consumption and increase supply) (see McKinsey
Total 100 100 1% 2%
Power and fuel

- 33 35 033 0.7
efficiency

Table 2: Allocation of investments across sectors in the G1 and G2 scenarios

as a share of total investment and GDP (2011 - 2050 average) and sectoral targets of green scenarios®

*This category includes all energy efficiency investment (both fuel and power) implemented across sectors. These include most,
but not all, investments allocated to buildings (residential, commercial and agriculture), industry, tourism and transport. In
addition, the impacts of the green investment scenario for sectors for which the investment concentrates exclusively on energy
efficiency - buildings, industry - are not presented separately below, but are captured under energy.

8. Investments allocated to cities are not presented in this table. Modelling
work on cities has proven difficult to carry out do to the lack of data on
a variety of key variables, including water and energy consumption.
Emphasis was therefore put only on transport, as indicated in the Cities
Chapter, given its relevance to urban development.

9. For some sectors, including natural-resource based sectors, such as
agriculture, forestry and fisheries, investments included under the green
investment scenarios do have a broader character, including expenditure
on programmes (both capital and operating costs) to restore or maintain
natural capital. These can also be considered as investments in natural
capital in an economic sense, even though such investments have an
indirect nature.
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Further, as opposed to several studies that only
provide information on “net costs” (or required
additional investments),’® disaggregated capital
costs and savings (or avoided costs) are used in T21-
World. This approach is useful because as capital
costs are an immediate expenditure, as opposed to
operational savings — that are accumulated over the
lifetime of capital - it allows the model to calculate
the actual capital formation that corresponds to the
additional investment simulated in the green and
BAUT1, 2 scenarios.

As indicated above, the calculation of required capital
investment and operational costs includes a detailed
assessment of costs associated with various technologies
(capital) and their required inputs (e.g. energy). For
instance, we account for the capital and O&M cost of a
wind turbine, which, on a per MW basis, is often similar
to the cost of a coal-fired plant. On the other hand, wind
does not require fuel inputs and does not generate
emissions, but it is an intermittent source of energy with
a relatively low capacity factor when compared to coal.
All these factors are considered in our analysis to break
down as much as possible the costs and savings related
to green investments.

Determining both the gross and net cost of moving
toward a green economy has various purposes.
These include the need to estimate (and disaggregate)
present costs and future benefits for the key actors
involved, both in economic terms and expressed as
preservation of natural resource stocks. Also, it supports

10. When considering the cost of purchasing, for instance, a more efficient
refrigerator, the net cost is calculated as capital expenditure minus savings
occurred in the operation of the refrigeration (i.e. savings originating from
the reduced energy consumption). This is the case of McKinsey Cost Curves
(for water see McKinsey 2009).

the further evaluation of the impact of policy options
in light of the associated opportunities and risks. For
instance, if a government has set an environmental
goal (e.g. reducing emissions below 1990 levels) and
decides to rely considerably on incentives (e.g. tax
breaks or discounts) to support the shift from old to
new capital and/or to more sustainable consumption,
the buy-in of households and the private sector will
be a key factor defining the success or failure of
the policy. In this case, the government risks missing
the targets and goals for emissions reduction; at the
same time, if the private sector does not participate
as expected, the economic expenses of the government
(and the private sector) would also be less. This policy
option normally targets negotiated goals to mitigate
the economic burden on households and the private
sector. As an alternative case, when governments set
mandates, the buy-in of households and private sector
is assured by law, and the economic cost is either shared
(if incentives are put into place) or fully sustained by
households and the private sector. In this case emphasis
is put on reaching the policy target (through mandates)
and costs can be more easily estimated knowing
that both economic actors (public or private, in
different ways) will have to sustain the costs associated
with the full implementation of the mandate.

This study serves primarily to quantify the impacts of
investments, identify opportunities and avoid dead
ends. Given that similar policies will be more or less
successful in different countries, the global study is
focused on the value of allocating funds to greener
investments, providing a broad range of information
to national policy makers, as presented in the following
sections. Additional information on funding options and
enabling conditions (i.e. required policy frameworks) are
available in the respective chapters.
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5 Results of the simulations

and analysis

5.1 Baseline projection (BAU)

The baseline projection of the T21-World model is
modelled on the assumption that current trends
will continue, with only minor progress shifting to a
green economy (e.g. high energy use and emissions
and continued unsustainable exploitation of natural
resources). Total population is projected to grow by
29 per cent in the period 2010 - 2050, reaching 8.9
billion people, matching historical data from WDI and
future projections from WPP (Figure 4). These WPP
projections are based on continuing declines in fertility,
and dependent on population policies and programmes,
including universal access to sexual and reproductive
health. When looking at the population pyramid, we
see that when under-five mortality rates decline and life
expectancy increases the population will become more
equally distributed across age cohorts. Employment is
projected to increase to 4.6 billion in 2050, driven by
economic growth." Real GDP, endogenously simulated
by the model, is in fact projected to grow by 2 per cent
per year on average between 2010 and 2050, reaching
USS 151.3 trillion, or USS$ 17,068 per capita, using 2010
as the constant US dollar base year,'? which compares to
historical data from WDI. As a result of economic growth,
the proportion of people living below the poverty line
will decline to 16.8 per centin 2020 and 11.1 per cent in
2050 and the income distribution will improve over time,
with more people being lifted out of poverty and into
higher income classes.

In line with the overall GDP growth, the value added
generated by agriculture, industry and service sectors is
projected to increase by 0.7 per cent, 1.9 per cent, and
2.1 per cent per year on average respectively between

2010 and 2050, accounting for 1.4 per cent, 23.4 per cent,
and 75.2 per cent of real GDP in 2050. At this time, the
share of total employment by sector will be: 32.3 per
cent (agriculture), 23 per cent (industry), 39.3 per cent
(service), and more specifically, 0.3 per cent (fisheries),
0.5 per cent (forestry), 2.5 per cent (transportation), 0.4
per cent (energy), 0.5 per cent (waste) and 1.1 per cent
(water). In the agriculture sector, total volume of crop
yield (Figure 5) has increased by 1.8 per cent per annum
between 1970 and 2009, following FAOSTAT values, and
is projected to continue to grow by 0.8 per cent per year
for the next 40 years. As a result, a projected 36 per cent
growth in crop production value between 2010 and
2050 will improve the average nutrition level by 7 per
cent over the simulation period. The fishery sector and
forestry industry will contribute 0.04 per cent and 0.6
per cent of global GDP by 2050, with an average growth
rate of -1.6 per cent and 0.3 per cent per year.

Owing to the growth of population and GDP, the
world’s primary energy demand will grow by over 57
per centin the coming decades, reaching 19,733 Mtoe
in 2050. To meet the rising demand, the production

Billion people
107

— World Population Prospects scenario
~== BAU scenario
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2
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Figure 4: Simulation of population in BAU compared
with population values of WPP

11. Note that although the T21-World model does not incorporate an
explicit labour market, it does not assume full employment.

12. Note: All monetary values in the chapter are presented in constant
2010 US dollars.

13. T21-World projects income but not inequality. Gini coefficients are
assumed, following historical trends, and income distribution in this chapter
indicates how many people are living in each income class, including those
below the poverty line. As a result, changes in projected poverty levels are
largely driven by the simulated level of income (endogenously determined
and impacted by the investment assumed). We estimate poverty levels
using economic indicators (e.g. income), but do also consider access to
basic services (without calculating an aggregated indicator accounting for
social and monetary factors at once). Since it is unfair to reduce poverty
to monetary poverty only, we consider social aspects as well in broader
poverty-related considerations.
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Figure 5: Simulation of total volume of crop yield in
BAU compared with values of FAOSTAT
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Figure 6: Simulation of oil demand in BAU compared
with values of WEO*
*For past and future projections, the model fits well with WEO values

in terms of oil demand-R-square of 98.3 per cent and average point-to-
point deviation 0.69 per cent.

of fossil fuels, nuclear and renewable energy will
increase from 10,174 Mtoe, 755 Mtoe and 1,620 Mtoe
respectively in 2011, to reach 16,073 Mtoe, 1,089 Mtoe,
and 2,577 Mtoe respectively in 2050, with the share of
fossil fuels remaining at 81 per cent throughout 2050.

For oil demand, among other fossil fuels, the simulated
trends of growth in BAU and corresponding WEO
values are illustrated in Figure 6. The projection of
oil price follows IEA’'s WEO, and increases faster after
2030, due to the peak of conventional oil projected to
take place after 2035.

Driven by the same factors, total water consumption
is projected to reach 8,141 km3 in 2050 - 70 per
cent above its current value - with total water
supply heavily relying on groundwater reservoirs
and streams well beyond sustainable withdrawals.
This production level would probably compromise
aquifers, increasing salt-water infiltration in coastal
areas and forcing massive migrations.

Concerning land use, total agricultural land will expand
to 5.4 billion hectares by 2050, with pasture and arable
land growing by 11 per cent and 6 per cent between
2010 and 2050. The harvested area in turn will reach
1.3 billion hectares by 2050, a 9 per cent increase
relative to 2010 to meet the increasing food demand.
In addition, settlement land will grow by 0.7 per cent
per year on average, reaching 226 million hectares in
2050. Correspondingly, forestland will suffer from an
average net loss of 6 million hectares per year and a
deforestation rate of 15 million hectares per year, with
only 3.7 billion hectares of forestland left by 2050. As a
result, the total carbon storage in forests will decline by
about 7 per cent between 2010 and 2050. The fishery
sector will also face challenges such as declining stocks.
The total amount of fish caught is projected to decline
by as much as 46 per cent between 2010 and 2050, due
to overcapacity and ineffective management of the
industry and natural resources.

Finally, owing to the larger population and higher
income, the world is expected to generate over 13.2
billion tonnes of waste in 2050, 19 per cent higher than
the amount in 2009.

As a consequence of these trends, total world co,
emissions are projected to increase throughout the
simulation, with fossil fuel emissions reaching about 50
billion tonnes (Gt) per year in 2050, 71 per cent above
2009 and 138 per cent above 1990 emission levels
(Figure 8). This increase corresponds also to a 26 per
cent reduction in global carbon intensity (calculated as
emissions per US$ of GDP) between 2009 and 2050. The
transport sector, as a major emitter, will account of 13 Gt
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Figure 7: Simulation of arable land and forestland in BAU compared with values of FAOSTAT
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Figure 8 and Figure 9: Simulation of fossil-fuel CO, emissions in BAU compared with WEO values (left);
Simulation of footprint/biocapacity in BAU compared with values of Global Footprint Network (right)

of CO, emissions per year in 2050, doubling the current
level (see Table 3 below for transport emissions in BAU
and corresponding IEA’s projections). With this level of
emissions, the long-term concentration of atmospheric
greenhouse gases will approximate 1,000 ppm by 2100,
and likely remain in the range of 855 ppm to 1,130 ppm
CO,-eq, as projected by the IPCC for scenarios A1B and
A2. In addition, over the next 40 years, the ecological
footprint will reach 25 billion hectares, consuming more
than twice the biocapacity of the planet (i.e. sustainable
natural supply). In fact, the ratio of ecological footprint
to biocapacity rises to 2.1 in 2050 from 0.81 in 1970 and
1.5in 2009 (Figure 9).

Ontopoftheimpactsestimatedinthisstudy,according
to current state of the art research, the projected BAU
trends for emissions and ecological footprint are not
sustainable and will trigger considerable negative
consequences on society, economy and environment.

A long-term  concentration of atmospheric
greenhouse gases of about 1,000 ppm CO,-eq would
have an extremely low probability (<5 per cent) of
restricting global warming to 2°C. It is more likely
that the temperature increase will approximate 4°C,
ranging between 1.7°C and 5.5°C (see A1B and A2
scenarios from IPCC (2007) AR4). In such a scenario, the
negative impacts will be many and varied, including,
according to the IPCC, consequences for water supply,
food production, human health, the availability of
land and ecosystems. In particular, by 2050, hundreds
of millions of people will face increasing water stress;
sea-level rise will accelerate coastal storm surges,
leading to land loss and erosion and intrusion of
saltwater into surface and groundwater; 15 to 40 per
centof species will face extinction with 2°C of warming;
crop yields, especially in Africa, will decline, probably
leaving hundreds of millions without the ability to
produce or purchase sufficient food. Developing

Mt/year 2010 2020 2030 2050
Transport mode *MoMo BAU *MoMo BAU *MoMo BAU *MoMo BAU
Total emissions 6,221 6,989 7,573 8,387 9,308 10,175 12,709 12,991
Cars 2,826 3,084 3,557 3,945 4,494 5129 6,652 6,923
Buses 424 485 443 51 453 518 470 505
?;:j’ passenger 157 185 180 220 209 248 291 314
Trucks 1,211 1,375 1,364 1,513 1,603 1,750 2,143 2,157
Passenger rail 29 32 34 39 41 44 57 60
Freight rail 127 138 137 155 143 157 152 168
Air oAl 972 1,030 1,229 1,451 1,507 1,864 1,995
Water 727 718 827 776 915 822 1,080 868

* Source: MoMo Transport Model (IEA, 2009)

Table 3: Transport emissions by mode in business-as-usual scenarios of GER and IEA
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countries are the most vulnerable to climate
change impacts. As many of the effects of climate
change depend on the degree of adaptation, which
itself will be determined by income levels and market
structure, these countries have fewer resources to adapt
socially, technologically and financially. It is estimated
in Stern’s Review of the Economics of Climate Change
(2006) that climate change will impose an overall cost
equivalent to 0.5 to 1 per cent of world GDP per annum
by the middle of the century if no emission mitigation
measures are taken in the short- and medium-term.
Further, the report indicates that if we start to take

falls from about 2.7 per cent per year in the period
2010-2020 to 2.2 per cent in 2020-2030 and further to
1.6 per cent in 2030-2050.

5.2 Green economy projections

Investing various additional proportions of GDP in the
green economy or following BAU has various impacts
throughout society, economy and the environment.
Despite difficulties in estimating global impacts of
investments, we were able to calculate the general
repercussions on GDP and estimate employment,

avoided costs and state of natural resources for most
of the sectors analysed in the GER. The main impacts
of simulating green and additional business-as-usual
investments in various scenarios are highlighted in Table
4, Figure 10 and Figure 11.

strong action now to achieve a stabilisation between
710ppm and 445ppm CO,-eq by 2050, the global
average macro-economic costs for GHG mitigation are
between negative 1 per cent and positive 5.5 per cent
of global GDP, which is equivalent to slowing average
annual global GDP growth by about 0.12 per cent per year.
Generally, the green economy scenarios show the
beginning of the marked decoupling of natural resource
uses from economic growth (see Figure 12). In fact,
the key difference between green and additional BAU

In the GER BAU scenario, the feedback effects from
natural resource depletion are sufficiently important
that the annual rate of world GDP growth gradually

2011 2015 2020

Unit BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2
Additional investment USS bn/year 0 763 1,535 0 760 1,524 885 1,798 0 883 1,789
Real GDP USS bn/year 69,334 | 78,651 79306 77,694 78384 78,690 | 91,028 92583 88738 90,915 92,244
GDP per capita USS/person/year | 9,992 | 10,868 10,959 10,737 10,832 10,874 | 12,000 12,205 11,698 11,983 12,156
WIIETERERE | oo 18% | 21%  23%  18%  21%  22% | 19%  21%  17%  20%  22%
growth rate
Consumption per capita | US$/person/year | 7,691 8,366 8,435 8,264 8,338 8,370 9,236 9,394 9,004 9,224 9,357
E‘;‘;‘;'/Zt:;" below % 195% | 181% 17.9%  183%  181%  181% | 164%  162% 169%  165%  16%
Total employment billion people 32 34 34 3.4 3.4 3.4 3.7 3.7 3.6 3.7 3.7
Energy intensity Mtoe/USS bn 0.18 0.17 0.17 0.17 0.17 0.17 0.16 0.16 0.17 0.16 0.21
Fossil fuel CO, emissions | Gt/year 30.6 333 33.6 32.9 32.0 30.7 36.6 371 35.6 33.2 303
Footprint/biocapacity Ratio 1.5 1.6 1.6 1.6 15 15 1.7 1.7 1.6 1.6 1.4

(ontinued. 2011 2030 2050

Additional investment USS bn/year 0 1,137 2,334 0 1,150 2,388 1,616 3,377 0 1,719 3,889
Real GDP USS bn/year 69,334 | 116,100 119,307 110,642 117,739 122,582 | 164,484 172,049 151,322 174,890 199,141
g:‘o’:/‘v‘f': fa'i: PErGapa | yceipersonsyear | 9,992 | 14182 14577 13512 14358 14926 | 18594 19476 17,068 19626 22,193
GDP per capita %/year 18% | 1.5% 1.6% 13% 1.7% 2.0% 1.6% 1.7% 1.4% 1.5% 2.2%
Consumption per capita | US$/person/year | 7,691 10,916 11,220 10,401 11,052 11,488 | 14312 14991 13,138 157106 17,082
E‘;’;”z'%'a";‘ L % 195% | 13.9%  135% 146%  137%  132% | 104%  9.8%  114%  9.8%  84%
Total employment billion people 3.2 4.1 42 4.1 4.1 4.1 47 4.8 4.6 4.8 49
Energy intensity Mtoe/USS bn 0.18 0.15 0.15 0.15 0.13 0.12 0.13 0.13 0.13 0.08 0.07
Fossil fuel CO, emissions | Gt/year 30.6 4.7 438 40.8 35.6 30.0 53.7 55.7 49.7 29.9 20.0
Footprint/biocapacity Ratio 1.5 1.8 1.8 1.8 1.6 1.4 22 2.2 2.1 1.4 1.2

Table 4: Main indicators, BAU and green investment scenarios
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Figure 10: Results of the G1 scenario relative to the
BAU1 case in 2015, 2030 and 2050 (per cent)”

* Footprint-biocapacity ratio (or biocapacity ratio): the ratio of ecological footprint over
biological capacity. The biological capacity (or biocapacity) is the ability of an ecosystem

to produce resources it consumes and to absorb wastes generated by humans (GFN
2010).

investments is created by the projected future of stocks
of natural resources (see Box 1, based on section VI in
the Technical Background Material, which presents
the changes in natural resource stocks in more detail,
including estimates of changes in the value of natural
capital assets and adjusted net domestic product -
NDP). Business-as-usual scenarios push consumption,
stimulating economic growth in the short- and medium-
term, thus exacerbating known historical trends of
depletion of natural resources. As a consequence, in the
longer-term, the decline of natural resources (e.g. fish
stocks, forestland and fossil fuels) will have a negative
impact on GDP (i.e. through reduced production
capacity, higher energy prices and growing emissions)
and results in a lower level of employment. Additional
consequences may include large-scale migration driven
by resource shortages (e.g. water), faster global warming
and considerable biodiversity losses.

The green scenarios, by promoting investment in key
ecosystem services and low-carbon development,
show slightly slower economic growth in the short- to
medium-term, but faster and more sustainable growth
in the longer-term. In this respect, the green scenarios
show more resilience, by lowering emissions, reducing
dependence on volatile fuels and using natural resources
more efficiently and sustainably. In other words, the
green economy investment scenarios take the earth off
of the collision course it is currently on with biophysical
constraints. A more detailed summary of key results
across sectors is presented below.

Worth noting, while BAU investments show a higher
return on investment (ROI) in the short- and medium-
term, green investments indicate higher economic ROI
in the longer-term, outperforming BAU investments by

Figure 11: Results of the G2 scenario in 2015, 2030

and 2050 relative to BAU2 (per cent)

over 25 per cent throughout 2050-yielding, on average
by 2050 over USS$ 3 for each USS$ invested. Also, both
investments yield positive economic returns after about
nine to 11 years in the green cases and seven to 9 years
in BAU scenarios. More specifically, it can be observed
that BAU investments will drive faster economic growth -
in terms of total and per capita GDP'* - than the green
alternatives in the short-term, with only marginal
difference in social improvements (poverty reduction,
employment, nutrition). In the medium- to longer-
term, however, the economic and social development
in a green economy is expected to outperform the
BAU cases. Moreover, the green scenarios always see
lower negative impacts on the environment (e.g. energy
intensity, emissions and footprint), which will contribute
to the faster medium- to longer-term economic growth
observed in green scenarios relative to BAU ones.

Results of the BAU and green scenarios indicate that
global real GDP would reach between US$ 175 and
USS 199 trillion by 2050 respectively in the G1 and G2
scenarios, which exceeds the US$ 164 in the BAU1 and
USS 172 trillion in BAU2 cases, by 6 per cent and 16
per cent respectively. The average annual growth rate
reaches, on average, 2.3-2.7 per cent between 2010
and 2050 in the green scenarios, although the relevant
comparison is to the BAU1 and BAU2 scenarios. These
latter scenarios see faster economic development
in the short to medium term, with 2.3 per cent to 2.4
per cent annual growth rate between 2010 and 2050.
However, GDP in the BAU1 and BAU2 scenarios in 2050
is lower than in G1 and G2, due to natural resource
depletion and the higher energy costs (Figure 13). This
can partly be seen in calculations of NDP adjusted
for depreciation of both fossil fuel and fish stocks (see

14. Even by this limited, conventional measure, which does not represent
progress nor wealth (See Box 1).
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Figure 12: Trends in GDP growth rate (right axis) and stocks of natural resources (left axis: oil discovered
reserves, fish stock and forest stock, relative to 1970 levels), in the BAU and G2 scenarios
Stocks are better managed and saved for future generations in G2, while supporting GDP growth already in the
medium- and longer-term.

Box 1). Economic development in a green economy
pushes total employment up to 4.8-4.9 billion in the G1
and G2 scenarios (3 per cent to 5 per cent above BAU)
(see Table 4). Depending on the investment simulated,
and its timing, the total net direct employment in
green sectors may decline in the short-term (primarily
due to a decline in the fishery and forestry sector
employment’™), to then converge or rise above
BAU employment in the medium to long run. The
employment gain is projected to range from 134
million to 238 million for the G1 and G2 scenarios,
depending on the projected growth of sectors that
depend on natural resources.’ In the additional BAU
scenarios, employment is expected to range between
97 million and 176 million higher than BAU in 2050,
which assumes, perhaps optimistically, that the trend of
depletion of natural stocks does not inhibit production
and employment growth. On the other hand, when
accounting for the indirect employment effect across
the economy as well (jobs created or lost in sectors
depending on the ones analysed in more details in this
study, e.g. fish distribution), we observe a growth in
the range of 149 million to 251 million jobs for green

15. Employment in the fisheries sector, when adopting the second
approach proposed in the Fishery Chapter (i.e. the reduction of fishing
capacity will affect primarily large vessels and industrial production), will
be reduced by only 1-1.2 m people in the short-term - as opposed to a loss
of about 10 m direct jobs. In this case, employment in the fishery sector in
the longer-term will be largely above the BAU cases.

16. As noted above, the T21-World model does not assume full
employment. In addition to the further details on employment per
sector are presented below, an additional analysis of employment
impacts based on contributions by the ILO can be found at
www.ilo.org/wcmsp5/groups/public/@ed_emp/@emp_ent/documents/
publication/wecms_152065.pdf.

scenarios and 126 million to 223 million for BAU1
and BAU2 scenarios respectively by 2050. The results
highlight the need to confront transition costs of
greening, particularly with regard to retraining and
repositioning labour for a lower carbon future.

More specifically on short-term impacts, world GDP will
be slightly higher (less than 1 per cent in 2015 and 2020)
in the additional BAU scenarios, relative to green cases.
In 2020, total GDP in both scenarios will reach about
US$ 91-92 trillion, or 2.5 per cent to 4 per cent above
BAU. In accordance, total employment will be 8-21
million (or 0.2 per cent to 0.6 per cent) lower in a
green economy than in BAU1 and BAU2 cases,
respectively by 2020, while it will be 2 to 3 per cent
higher in G1 and G2 when only net direct employment
in green sectors is considered.

Pressure on natural resources increases as GDP grows,
and tends to slow the rate of GDP growth in both
BAU1 and BAU2. Lower soil quality, higher water
stress and fossil fuel prices all impact GDP negatively,
in turn impacting indicators such as the HDI. Natural
resources have varied impacts on the ecological
footprint, which pushes resource use to 2.2 times what
the planet can sustainably generate by 2050 in the BAU2
case, from 1.5 times in 2010 and 1.7 times in 2020. In
the G1 and G2 scenarios, while investments support
the transition to a lower carbon and more resource
efficient economy, they generate higher GDP, as well as
greater energy and water demand than would otherwise
have been the case. As a consequence, the impact of
green investments on resource conservation will be



partially offset by the additional GDP and associated
consumption. Synergies, as explained below, can
be found in investments in energy efficiency and
renewable energy among others, because they
generate a net reduction in fossil fuel demand,
which in turn pushes prices below the BAU projection
and generates considerable savings (or avoided
costs) over time, despite the impact of the rebound effect.

As a result of green investments, global energy demand
and CO, emissions will be mitigated considerably by
2050 relative to BAU (Figure 14). Even without explicitly
modelling and analysing the positive impacts on
emissions of transitioning to conservation agriculture,"”
we project a concentration in the range of 500-600 ppm
in the green scenarios.” This indicates a moderate to
unlikely probability that global warming will be limited
to 2°C, as indicated in the IPCC AR4 report (IPCC 2007).
More specifically, the projections result in a 36 per cent
reduction in global energy intensity by 2030 in the G2
case, with the annual volume of energy-related CO,
emissions declining to 30-20 Gt in 2050 from 30.6 Gt
in 2010, also a 40 per cent and 60 per cent below BAU
in 2050 for the G1 and G2 scenarios respectively, which
is more significant than the short-term mitigation
(reducing BAU by 3 to 6 per cent in 2015 and 7 to 15
per cent in 2020). Non-energy related emissions from
fertiliser use, deforestation and harvested land will be
lower than BAU by 16 to 25 per cent, 33 per cent and
1 per cent in 2015, and 45 to 68 per cent, 55 per cent
and 4 per cent, respectively in 2050. It is worth noting
when considering the enactment of a cap and trade
mechanism with carbon prices aligned with the recent
US domestic proposal (reaching US$ 77 per tonne of
CO, by 2030 and US$ 221 by 2050, in constant US dollars
at 2010 prices), that the reduction in emissions from the
green economy investment would represent a savings
in avoided permit costs of about US$ 1000-1,650 billion
per year on average between 2012 and 2050.

Finally, under the green economy scenarios, the
ecological footprint will also improve in the medium to
long run after a slight increase in the short-term, with
the biocapacity ratio reaching 1.5 (or 4 per cent to 6 per
cent below BAU) in 2015 and then stabilising at 1.4-1.2
throughout 2050, well below 2.0 in the BAU and 2.21-
2.4 in the BAU1 and BAU2 scenarios (See Figure 15), and
years of life expectancy lost due to emissions will be
reduced by 3.6 per cent and 7 per cent on average in
the G1 and G2 cases.

17. Due to the lack of global estimations on soil carbon absorption under
conservation agriculture practices.

18. The concentration of emissions could be lowered to 450 ppm when
accounting for the potential carbon sequestration of organic and
conservation agriculture. Conservative estimates for the annual global
sequestration potential of OA amount to 2.4-4 Gt CO_-eq, while other
estimates point at a potential of 6.5-11.7 or even more (see Miller and
Davis (2009); Nelson et al. (2009).

Modelling

Since the green investments simulated have economic
impacts (e.g. GDP), as well as social (e.g. employment,
poverty) and environmental impacts (e.g. energy
consumption, emissions, land and water management), the
context in which they are applied are particularly relevant
to the analysis. Developing countries, such as sub-Saharan
countries, facing extreme poverty and considerable
challenges in reaching the Millennium Development
Goals (MDGs) (World Bank 2007), are heavily dependent
on agriculture and highly vulnerable to climatic changes.
Improving socio-economic conditions, through higher
access to water and energy, but also improved nutrition,
and the efficient utilisation of natural resources are key
goals of green economy strategies in these countries.
Developing countries strive to improve productivity and
increase their economic resilience in order to sustain strong
economic growth. Here, energy and resource efficiency are
key to longer-term development. Equatorial nations, often
endowed with oil and other natural resources, are a good
example: being a net exporter of resources these countries
can profit from a reduction in domestic demand, and by
preserving forest and other stocks of natural resources
- possibly through payments for ecosystem services - can
maintain Earth’s biodiversity stocks. Finally, developed
countries can more actively contribute to technology
development and become a solid example of how mature
economies can become resource efficient and reduce their
carbon path, while creating jobs.

Agriculture

In the case of the green investment scenarios, the
additional investment in the agriculture sector
(USS$ 118-USS 198 billion per year on average in 2011-
2050 in G1 and G2, respectively) is allocated to more
extensive use of organic fertiliser, agricultural research
and development, pest control, and food processing.
In these scenarios, the volume of agricultural (crop)
production (excluding livestock forestry and fishery), is
projected to increase by 7 to 11 per centin 2030 and 11
to 17 per cent in 2050 compared with BAU." Relative
to BAU1 and BAU2, value added in the green cases will
be between 3 and 5 per cent in 2030 and in the range
of 5 to 9 per cent in 2050. This development is mainly
due to higher yield per hectare (15 to 22 per cent
higher than BAU and 6 to 10 per cent than additional
BAU scenarios by 2050, with BAU1 and BAU2 having a
higher yield than the green scenarios in the short- to
medium-term only), driven by improved soil quality
(thanks to the extensive use of organic fertilisers), R&D
efforts and effective pest control. As is presented in
Figure 16, natural crop yield per hectare depends on
a number of primary factors, with the actual effective

19. When assuming that a price premium could be applied to certified
products, or those goods originating from sustainable agriculture practices,
the total value of agricultural GDP in the G1 and G2 cases would be on
average 28 per cent higher than BAU1 and BAU2 and 40 per cent higher
than BAU. This calculation assumes, among others, that producers have
access to markets that demand (or reward) sustainable practices.
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Box 1: Changes in natural capital stocks

Conventional economic indicators, such as GDP,
provide a distorted lens on economic performance
particularly since such measures fail to reflect the
extent to which production and consumption
activities may be drawing down natural capital. By
either depleting natural resources, or degrading
the ability of ecosystems to deliver economic
benefits, in terms of provision, regulating or
cultural services, economic activity may be based
on the depreciation of natural capital. Various
alternative approaches to adjusting the system
of national accounts and aggregate economic
indicators are being refined and discussed at the
international level (e.g. Integrated Environmental
and Economic Accounting — SEEA”).

The T21 model tracks the evolution of various
natural resource stocks over time as highlighted
in Figure 12 and in more detail in section VI
of the Technical Background Material. The
green economy scenarios are characterised
by investment in and recovery of these stocks,
providing a basis for sustained income gains over
the medium- to longer-term.

It is insightful to undertake some additional
calculations, using relatively simplistic
assumptions, to generate some sense of the
potential economic magnitude of the improved
management of natural capital. The table below
presents changes in the value of three resource
stocks-fossil fuels, forests and fisheries-over the
short- and medium-term in both absolute terms
and relative to GDP. The change in physical values
for fossil fuels and fish is valued using estimates
of the economic value (unit rent), and for
forests, using estimates from TEEB. Following the
methodology employed by the World Bank (2006),
these estimates of depreciation (or appreciation-
where changes below are positive), these amounts
can be seen as reflecting additional components
of a measure of negative net savings in global
wealth (as could be represented in asset accounts
following system of national accounts).

According to these calculations, annual drawing
down fossil fuel stocks is equivalent to 1.8 per
cent of current GDP. Under BAU, this remains
roughly the same in the short-term and then
rises in the medium- to longer-term. The GI
and G2 scenarios reverse this trend with this
depreciation, as a ratio to GDP, declining over
the period 2010-2050, reaching 0.5 per cent of
GDP by 2050 under G2, reflecting the marked
reduction in fossil fuel dependence of the global
economy in this scenario.

Lower and upper bound values of the value of
the depreciation of natural capital in the form
of forest land are presented due to the wider
range of uncertainty concerning global reference
values (see section VI, Technical Background
Material, which makes use of results from TEEB
research). Current depreciation of forestland is
thus estimated at between US$ 2.8 billion and US$
2.6 trillion - spanning three orders of magnitude
- which is between 0.01 per cent and 5.4 per cent
as a proportion of GDP. Note that the higher range
estimates are comparable to, and indeed well
above, those for fossil fuels. The green scenarios
considerably reduce this loss within the short-term
and turn it around into modest positive growth - or
appreciation instead of depreciation - by 2050.

Similar improvements can be seen in fish stocks.
The current estimate of depletion of this natural
asset is valued at USS 116 billion per year, which
is -0.24 per cent when expressed as a ratio to GDP.
The green scenarios succeed in reducing this lost
and over the medium- to longer-term, stabilising it
or turning into a net appreciation.

Although a range of results is only presented for
forest resources, due to the wide range of existing
measures, the estimates for fossil fuels and fish
could also be developed into ranges. These would,
however, probably not have the same degree of
variability as those for forests.

It is important to bear in mind that even though
the results are presented in a way that makes
comparison between the estimated depreciation
of the different assets comparable, this should
be done and interpreted with care. In particular,
the three assets are not substitutes for each
other. Fossil fuels are a source of energy. Forests,
including how they are valued here, provided a
range of provisioning and regulating services, both
locally but also much more widely, including even
globally. Fisheries provide a major source of protein
and employment to a substantial proportion of
the world’s population but many of these people
would not be able to substitute forests for fisheries
as a source of food and livelihoods, or vice-versa.

In general, the results underline the substantial
economic significance of how the world is
currently managing its natural capital, as well
as the potential gains that can be won from
pursuing a green economy strategy. This allows
the global economy to invest in natural capital
that is critical for sustained well-being, while
reducing the dependence on fossil fuels.




Modelling

2011 2015 2020
Unit BAU1 BAU2 BAU a1 G2 BAU1 BAU2 BAU a1 G2
Real GDP USS billion/year | 69,334 | 78,651 79306 77,694 78384 78,690 | 91,028 92,583 88738 90,915 92,244
NDP US$ billion/year | 59,310 | 69,082 69,625 68244 683898 69,174 | 79,700 80,981 77,705 79,766 81,007
Changein fossil fuel stocks ~ USS billion/year | -1,212 | -1,447 -1471  -1413  -1309 -1,221 | -1,730 -1,788  -1,645 -1,392 -1,163
ratio to GDP -18% | -18% -19%  -18%  -17%  -16% | -1.9% @ -1.9%  -19%  -15%  -13%
Change in fish stocks USS billion/year | -160 -151 -151 -149 -77 -36 -141 -141 -134 -46 1
ratio to GDP -0.24% | -0.19% -0.19% -0.19% -0.10% -0.05% | -0.16% -0.15% -0.15% -0.05% <0.01%
Adjusted NDP USS billion/year | 57,992 | 67,533 68,052 66,733 67,515 67,878 | 77,875 79,097 75973 78305 79,771
2011 2030 2050
Unit BAUT BAU2  BAU G1 G2 BAUT  BAU2  BAU G1 G2
Real GDP USS billion/year | 69,334 | 116,100 119,307 110,642 117,739 122,582 | 164,484 172,049 151,322 174,890 199,141
NDP USS billion/year | 59,310 | 100,686 103,215 96,006 102,638 107,133 | 139,621 145483 128,599 149,887 172,198
Change in fossil fuel stocks ~ USS billion/year | -1,212 | -2,616  -2,787  -2373  -1692  -1,127 | -4705 -4972 -4312 -2,306 -979
ratio to GDP -18% | -23%  -23%  -21%  -14%  -09% | -29%  -2.9%  -28%  -13%  -0.5%
Change in fish stocks US$ billion/year | -160 -122 -122 -116 -9 52 -91 -91 -88 40 142
ratio to GDP -0.24% | -0.11% -0.10% -0.10% -0.01% 0.04% | -0.06% -0.05% -0.06% 0.02%  0.07%
Adjusted NDP USS billion/year | 57,992 | 97,988 100,345 93,558 100,939 105930 | 134,855 140,450 124,231 147,509 171,129

Box 1 cont. Notes: The results here, based on calculations presented in section VI of the Technical Background Material, consist largely of supplementary
calculations using T21 model results on evolution of physical natural resource stocks over time and complimenting that with data from other studies.
Adjusted net domestic product (NDP) deducts the changes in the value of fossil fuel and fish from NDP".

* See http://unstats.un.org/unsd/envaccounting/seea.asp
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Figure 13: Trends in annual GDP growth rate, historical data (WDI, 2009) and projections in BAU, BAU2 and G2
scenarios

yield being further affected by pre-harvest losses (in
addition, post-harvest losses will reduce the amount of
final food supply).

Higher yields allow using a lower amount of land, 4
per cent less than BAU and 6.2 per cent less than
additional BAU cases in 2050. As a result, the quantity

20. Causal loop diagrams (CLD) for each sector modelled and analysed in
the GER are presented in section VI, Technical Background Material.

of calories consumed per person in the green cases will
be higher than BAU and additional BAU investment
scenarios, especially in the longer-term, by 4 to 7 per
centand 1 per cent to 1.4 per cent by 2030 respectively,
reaching close to 3,100 Kcal/person/day. By 2050 the
overall quality of nutrition is projected to rise by 9 to13
per cent relative to BAU, with 3,250 and 3,380 Kcal
being consumed per person per day. In line with the
agricultural production increase in the green scenarios,
employment in the agriculture sector will reach 1.62
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Figure 14: Fossil fuel CO, emissions in additional
BAU and green scenarios relative to the BAU case
(selected years)

billion and 1.7 billion in 2050 in the G1 and G2 cases
respectively, well above the BAU1 (1.6 billion), BAU2
(1.66 billion) and BAU (1.5 billion) scenarios.

In line with the medium- to long-term improvements,
the same trends are observed in the short-term, albeit
to a lesser extent, with crop production and nutrition
being 3.3 to 5.1 per cent and 1 to 2 per cent higher than
BAU in 2015. Soil quality, in particular, will rise by only
1 to 2 per cent in five years compared to 10 to 14 per
centand 21 to 27 per cent in 20 and 40 years due to the
delayed effect of more sustainable agriculture practices.

It can be argued that green investments should be
allocated to agriculture more predominantly where
this sector is a major driver of economic and social
development. This is the case of sub-Saharan countries,
among the least developed countries in the world,
where investments in the promotion of more sustainable
agriculture could increase yields and production, also
improving nutrition and food security. As an exercise, if all
investments simulated in the primary sector (including
agriculture, fishery and forestry) were allocated to
agriculture-based countries, the value added per capita
of rural inhabitants would grow on average by around
US$ 600 per year, or USS 1,450 when considering only
the rural poor population.?! Even if only 20 per cent of
these investments were to reach agriculture-based
countries, increasing per capita GDP by US$ 118 and US$
290 per person per year for rural population and rural
poor respectively, it would still be an important increase
considering that GDP per capita in agriculture-based
countries in 2005 was US$ 524 per year. A disaggregated
agricultural sector, for example most simply between

6.0 =25
D _____________________
50'4D _________________________________ m
-20 8
o
Q
40 g
=
g
- - °
230 Ey
[} |
2 =2
B 2
[ Q
o 201 o
[a}
<
g
1.01 Z
0
BAU BAU2 G2
Cropland Grazing land I Forest
I Fishing ground Carbon I Built-up land

OFootprint/biocapacity ratio

Figure 15: Composition of ecological footprint in
2050 in various scenarios, relative to 1970 value
(left), and indication of the projected footprint-
biocapacity ratio in 2050 (right)

smallholder agriculture of developing countries and
high external input agriculture typical of industrialised
countries, would provide an even clearer picture of the
potential equity benefits of such investments.?

Forestry

In the green economy scenarios, green investment in
the forestry sector, totalling US$ 40 billion per year
on average between 2010 and 2050, is allocated to
both deforestation reduction and reforestation. The
average annual deforestation rate of natural forests
in the green scenarios is projected to be 50 per cent
lower than BAU between 2010 and 2030 (Figure 17
and Figure 18). With the deforestation rate declining
to 6.7 million hectares peryearfrom 2030in the green
cases, an estimated 283 million hectares (or 8 per
cent) of natural forest area is saved. Additional green
investments will considerably increase reforestation
(planted forest) to 19 million hectares peryearin 2050.
Thus, planted forests will be 497 million hectares
(or 143 per cent) more than BAU by then, providing
sufficient resources for forestry production to exceed
baseline projections in the longer-term (after 2015).
In accordance with the forestry production growth
in green scenarios, forestry employment will reach
30 million people in 2050, which is 20 per cent above
BAU. As a result of the enhanced reforestation and
avoided deforestation efforts, total forestland is
projected to reach 4.5 billion hectares over the 40-
year period, outperforming the BAU case by 21 per
cent. This will allow 502 Gt of carbon to remain in

21. Population estimates and trends were calculated using data published
in the 2008 World Development Report (World Bank 2008).

22. The feasibility depends primarily on the availability of adequate data
and this is being explored in further versions of the model.
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Figure 16: Causal loop diagram (CLD) representing the main factors influencing crop yield in the agriculture
sector of the model (blue boxes). Orange boxes represent the green investment options analysed

The effective crop yield is defined as the difference between natural yield and losses due to plant diseases. The
natural crop yield instead is influenced by capital and labour, as well as by R&D (e.g. seed improvements), soil
quality, the use of fertilisers and water availability. Soil quality is further influenced by the use of fertilisers and by

forest ecosystems in 2050, which is 71Gt above BAU
and 21Gt higher than the current level. Furthermore,
a greater extent of forested land improves soil
quality and often increases water availability, two
factors that impact agriculture production positively
(Pretty et al. 2006). In the short-term, however,
the efforts of reforestation (2.5 and 3 times that
of BAU) and avoided deforestation (60 per cent
and 46 per cent above BAU) as a result of green

investment do not bring immediate benefits to the
environment, given the time it takes to increase the
area of planted forests. The total forest area (around
4 billion hectares) is projected to be 1 per cent
and 3 per cent higher than BAU in 2015 and 2020.
Forestry production will start seeing benefits around
2020, reaching US$ 840 billion of value added in
2020, which is 12.5 per cent higher than baseline,
creating around 3 million additional jobs.
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Figure 17: Land allocation in 2050 under BAU and
the G2 scenario, in billion hectares and as a share of
total land

Forests are very important for many countries,
where both their harvesting and preservation are
important economic drivers. In certain cases, waste
land could be converted to forests over time, without
negative impacts on agriculture and settlements.
Simultaneously, better control measures would
reduce the rate of deforestation, limiting the rapid
depletion of forestland and natural resources.

Fisheries

The green investment in fisheries, (US$ 118-198 billion
per year over the next 40 years) is allocated to three
areas: 1) vessel buyback programmes to prevent over-
capacity of fishing, 2) retraining and relocation of
fisheries employment, and 3) fisheries management to
supportfish-stock regeneration. In these green scenarios,
the fishery sector will also move toward sustainability
through a reduction in vessel capacity and investments
in the management of fish stocks.” With the withdrawal
of vessels between 2011-2020, fishing capacity will be
26 per cent lower than BAU by 2020. This will cause
the global fish catch to drop to 50 million tonnes by
2017, considerably lower than current levels - and one-
fourth lower than BAU - but a necessary step to restore
the fish stock, which would halt its decline and level
off around 2020. Once the decline of the fish stock is
curbed and investments are freed up to promote better
management of the industry, the fish catch could grow
well above the projected 50-63 million tonnes in 2050 in
the G1 and G2 cases, with 2 to 4 per cent more catch per
year on average than BAU between 2010 and 2050.

While lower fishing capacity will reduce direct
employment in the short-term (by 19-20 million
peoplein 2020 under G1 and G2 relative to 24 million
under BAU and 29 million in 2011), higher stock levels
and better management of the sectors are projected

23. Fish stock represents the total number of fish. Modelled as a stock
variable, its value changes by accumulating fish birth and reducing by fish
death per year, and is dependent on values of previous year. Similarly, forest
and agricultural land stocks represent sizes of land areas for forests and
agricultural production, that changes by annual conversion among types
of land. Other stocks include resources of fossil fuels and water sources.
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Figure 18: Total forest stocks (right axis), and flows of deforestation and reforestation (left axis) in BAU, BAU2
and G2 scenarios
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Figure 19: Fish stock relative to 1970 level (left axis)
and fish catch (right axis) in BAU, BAU2 and G2
scenarios

to lead to 27 to 59 per cent higher employment level
in the green scenarios relative to the baseline by

2050.*Onthe other hand, additional BAU investments,

24. Employment in the fisheries sector, when adopting the alternative
approaches proposed in the Fishery chapter (e.g. the reduction of fishing
capacity will affect primarily large vessels and industrial production), will
be reduced by only 1-1.2 million people in the short-term - as opposed to
aloss of about 10 million direct jobs. In this case, employment in the fishery
sector in the longer-term will be largely above the BAU scenarios.

Modelling

assumed to be allocated to current business practices,
will further deplete fish stocks, expected to be largely
exploited by 2050 (it is estimated that only 56 per
cent and 33 per cent of the fish available in 1970 will
be in place by 2015 and 2050), leaving few resources
for what could be currently considered cost-effective
fish catch (Figure 19). Here again, the results indicate
the need to offset transition costs in the short run to
reach higher productivity and employment levels in
the future under a green economy scenario.

To carefully evaluate the effectiveness of investments
in the fishery sector, a variety of scenarios were
simulated where the cost (effectiveness) of fish-stock
management interventions are assumed at between
US$ 354 and USS$ 1,180 per ton (BAU is USS 736, or a
1:4 ratio of cost/benefit), following a random uniform
distribution. The results of the corresponding
changes in fish stock and fish catch are presented in
Figure 20.

In the two extreme scenarios, the global fish stock
in 2050 will respectively return to the 1970 level
(lowest cost case) and current level - around half of
1970 volume - (highest cost case). In the G2 scenario,
around 70 per cent of the amount of fish resources
in 1970 is available by 2050, which drops to a mere
30 per cent under BAU, where no additional stock
management activities are assumed. As a result,
the world fish catch will recover, after a short-term
declinge, to the relatively wide range of between 50
million tonnes and 90 million tonnes per year in 2050,
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Figure 20: Results of the sensitivity analysis for (a) fish stock relative to 1970 level (left) and (b) fish catch in

2! Area in yellow: 50 per cent of the range of scenarios in the sensitivity analysis, green for 75 per cent, blue for 95 per cent and grey for 100 per cent.
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Figure 21: Global conventional oil production scenarios considered in the GER

exceeding the baseline volume in early 2020s and in
2035 under the two scenarios.

Energy

The green investment in energy will contribute to
both the supply side (expansion of low-carbon power
generation and biofuel production), and the demand
side (energy efficiency improvements for end-use energy
demand, involving industry, transport and buildings
sectors). It is worth noting that synergies are found under
an early peak-oil scenario (see also Bassi et al. 2010),
where the increased efficiency and a faster transition
beyond fossil fuels, driven by green investments, will
reduce energy prices below BAU throughout the
simulation period, making the economy more resilient
and sustaining economic growth. A variety of scenarios
were simulated to study and evaluate the impacts of the
timing of several conventional oil production trends. The
total amount of resources and reserves was changed to
endogenously obtain world oil production. While a more
detailed analysis is available in Bassi et al. (2010), the
range of scenarios analysed is presented in Figure 21.

Energy supply
In the green economy scenarios, the energy supply sector

will receive green investment of USS$ 174 - US$ 656 billion
per year between 2010 and 2050 to expand biofuel
production and power generation using renewables and
advanced technologies (such as CCS).

The substitution of green investment in clean energy for
additional BAU investments in carbon intensive energy
sources will increase the penetration rate of renewables

to 19 to 27 per cent of total primary energy demand by
2050, compared with 13 per cent under BAU and 12 per
cent in the BAU2 scenario.

In the power sector, the capacity of power generation
by energy sources in green cases will reach: 1.7 TW
(hydro), 204 GW (waste), 955-1515 GW (wind), 38-54 GW
(geothermal), 655-1304 GW (solar), 8-21 GW (tidal), and
3-16 GW (wave) in 2050 respectively. As a result, these
renewable sources of energy will account for 29 to 45 per
cent of total electricity generation by 2050, significantly
higher than the 24 per cent in BAU and 23 per cent under
BAU2. The share of fossil fuels, coal in particular, will
decline accordingly to 34 per cent in 2050, compared
with 64 per cent in the BAU scenario, mostly owing to the
expansion of renewables (Figure 22 and Table 5).

The green scenarios are expected to see the introduction
and major expansion in second generation biofuels. In
2025 and 2050, the production of second generation
biofuels is projected to reach 151-490 billion litres
of gasoline equivalent (Ige) and 254-844 billion Ige,
contributing to 4.2 to 16.6 per cent of world liquid fuel
production by 2050 (8.4 to 21.6 per cent when first
generation biofuels are considered). Between 12 per
cent and 37 per cent of agricultural and forestry residues
would be needed in the G1 and G2 scenarios respectively.
In case residues above 25 per cent are not available or
usable (as indicated by the IEA 2010), marginal land is
assumed to be used. Between 330,000 and 1 million jobs
would be created for biofuels and agriculture residues,
and the figure would increase up to 3 million if a mix
of agricultural residues and conventional feedstocks is
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Figure 22: Trends in BAU and G2 scenarios (a) in total energy consumption (left axis) and renewable penetration
rate (right axis), (b) power generation (left axis) and renewable penetration rate in power sector (right axis)

used. Additional scenarios were simulated to test the
impacts of variations in the labour intensity of second-
generation biofuels, for which very few estimates were
found (e.g. Bio-era 2009). The values considered range
from 1/6 and 1/3 of the employment of first generation
biofuels. Also considered is a scenario where second
generation biofuel share the same labour intensity
as first generation biofuels. In the first case, the
range considered would result in projected biofuel
employment to grow rapidly and reach between
almost 3 million and 4 million in 2050, compared with
3.1 million in G2 and 2 million under BAU. On the other
hand, assuming that the labour intensity of biofuels
does not change with the introduction of second
generation biofuels, total employment would reach 7.7
million by 2050.

The total employment in the energy sector is
projected to slightly decrease over time in the BAU
scenario, reaching 18.6 million by 2050 against
19 million in 2010, owing to increasing labour
productivity in fossil fuel extraction and processing.
In the green scenarios, short-term net job creation
is observed (for both G1 and G2) primarily due to
the higher labour intensity of renewable energy
versus thermal power generation. In the longer-term
instead, the G1 case shows lower employment levels
than BAU (4 per cent below BAU in 2050), while the
employment in the G2 case (23.3 million) will be
higher than the BAU1 scenario (19.5 million), and
will greatly outperform the BAU (18.6 million) by
almost 26 per cent when energy efficiency jobs are
considered (Figure 23).

% 2030 2050

*WEO GER *WEQ GER *ETP GER
Scenarios Reference BAU 450 G2 BLUE Map G2
Coal 29 31 19 25 15 15
0il 30 28 27 24 19 21
Gas 21 23 21 23 21 25
Nuclear 6 6 10 8 17 12
Hydro 2 2 3 3 4
Biomass and wastes 10 8 14 12 29 16
Other RE 2 3 5 5 8
Total 100 100 100 100 100 100

Table 5: Comparison of energy mix in 2030 and 2050 in various GER and IEA scenarios

Source: WEO 2010 (IEA 2010); ETP 2010 (IEA 2010)
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Figure 23: Composition of power supply
employment in 2050 in various scenarios in power
plants (in manufacturing, construction, installation
and operation and management), power supply
fuels, energy efficiency

Considering short-term impacts of the green investment,
the energy sector will see the expansion of renewable
energy with less significant improvements compared
with the longer-term: the renewable energy penetration
rate will rise to 19 to 22 per cent in power supply and 14
to 17 per cent in total energy supply by 2020, from 18
per cent and 13 per cent respectively in BAU. By then,
green investments will push the production of second-
generation biofuels up to 133-424 billion lge, creating
1.5-1.9 million jobs (12 per cent to 40 per cent above
BAU) in biofuel production. As a result, total energy
employment will be 5.5 per cent higher in G2 (21
million) than the baseline (20 million), but 2 per cent
lower than BAU in G1 (19 million). These figures include
the 0.25-0.62 million jobs created by 2020 through
energy- efficiency improvements.

Energy demand

Additional green investments, totalling USS$ 277-
USS$ 651 billion per year over the next 40 years, are
allocated to improve efficiency for end-use energy
demand, especially in power use (across sectors) and
in fuel use in industry (see also HRS-MI 2009) and
transport (transport investments are analysed in a
separate section looking at the expansion of the public
transport network as opposed to increased efficiency).

These energy savings efforts are projected to curb total
primary energy demand by 4 to 6 per cent, 10 to 15

per cent and 26 to 34 per cent by 2020, 2030 and 2050
respectively compared with BAU, reaching 14,120-
13,709 Mtoe in 2020, 15,107-14,269 Mtoe in 2030 and
14,562-13,051 Mtoe in 2050.% Total fossil fuels demand
will decline by 6 to 12 per cent relative to BAU in 2020,
and 22 to 41 per cent relative to BAU and up to 28 per
cent to 48 per cent relative to BAUT and BAU2 by 2050,
driven by the expansion of the public transportation
network (rail and buses) and by improvements in
energy efficiency (e.g. in the industrial and buildings
sector), as well as the increased use of renewable
energy and waste, as mentioned above (IEA 2008).

The lower energy consumption will generate
considerable savings on energy expenditure (e.g.
avoided capital and fuel costs in the power sector will
result in savings averaging US$ 415-US$ 760 billion per
year between 2010 and 2050).

Furthermore, green investments allocated to energy
efficiency are expected to create an additional 2.9-
5.1 million jobs by 2050, causing the total energy
employment in G2 to reach 23.4 million in 2050, above
the baseline by 26 per cent (Figure 23 for power-sector
employment and Figure 24 for a detailed breakdown of
energy employment).

Transport

The green investments in the transportation sector,
totalling US$ 187-US$ 419 billion per year over the 40-
year period, will be allocated both to improve energy
efficiency across all transport modes, as mentioned
above, and to support the shift from private transport
to public or non-motorised (e.g. walking or cycling)
transport. In 2050, private cars account for only one-
third of total passenger travel - in terms of passenger-
km/year - almost cutting the baseline percentage in
half, resulting in a reduction in the number of cars by
34 per cent relative to BAU. Accordingly, the shares of
passenger travel carried by trains and buses increase
drastically to 18 per cent and 35 per cent by 2050
in the G2 scenario. The combination of this modal
transition, further energy efficiency improvements and
expected changes in total travel volume is expected to
lead to energy savings in almost all transport modes -
between 57 and 75 per cent for cars and 40 to 65 per
cent overall in the green economy scenarios relative
to BAU. This outweighs the slight increase in rail and
bus energy consumption (Table 6). As a consequence,
total CO, emissions from transport energy use are
expected to decline to 7.8-4.6 Gt per year in 2050 in
the green scenarios, compared with around 13 Gt
per year in the baseline. By then, cars will account for

25. As a point of comparison, energy efficiency in OECD countries has
reduced projected growth in energy consumption by 56 per cent over the
30-year period, 1973-2004 (IEA 2008).
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Figure 24: Total employment in the energy sector, and its disaggregation into fuel and power, and energy

a declining share of the emissions from 53 per cent

under BAU to 38 per cent in the green scenarios.

Primarily as a result of the job gains in public transport
expansion, total employment in the green scenarios
will increase to 124-130 million in 2050 (or 5 to 10 per
cent above the baseline).

Inthe short-term, private cars will account for 41 per cent
of passenger travel due to green investments in 2020
compared with around half under BAU, allowing the
share of rail transport to grow to 11 per cent from 7 per
cent in BAU. As a result, the total energy consumption
of automobiles is curbed by 28 per cent relative to
BAU, resulting in a 20 per cent reduction in total energy

consumption and emissions from all vehicles by 2020.

At the national level we find synergies in allocating
investments to increase fuel efficiency, expanding and
electrifying the rail network. If non-thermal power
sources are adopted, this leads to reduced liquid fuel

demand, higher efficiency and lower carbon intensity.

At the same time, the economy and employment will
benefit from infrastructure construction and reduced
congestion but short-term increases in emissions are

possible due to the higher demand of iron and steel,
among other things.

Water

In the green economy scenarios, US$S 118 -
USS$ 198 billion per year is invested on average
between 2010 and 2050 in the water sector to
expand the access to potable water and water
services, to improve water-use efficiency, and
to increase water supply through desalination
and supply management measures. With these
investments, water demand will be curbed by
about 24 per cent to 19 per cent in the G1 and
G2 scenarios by 2050 relative to BAU (3 per cent
by 2015 and 13 to 12 per cent in 2030). This
reduction is mainly a result of increased water
efficiency in the agriculture sector as well as
investments in the industrial and municipal sectors.
Furthermore, investments to manage and increase
supply and improve access to water will support
the preservation of groundwater and surface water,
contributing to about 10 per cent of global water
demand both in the short- (2015) and longer-term

Mtoe/year 2020 2030 2050
Scenario *WE0/450 Scenario G2 *WEQ/450 Scenario @2 *|EA's BLUE Scenarios G2
lzt:r'gtﬁg;’;ﬁ:;pﬂon 2710 3,155 3,139 2,100-3,200 2,163
in which oil 2,483 2,699 2,526
in which biofuel 193 427 580 400-800 874

Table 6: Transport energy consumption in green scenarios of GER and IEA, in selected years
Source: * WEO/450 Scenario: WEO 2010 (IEA 2010); IEA's BLUE Scenarios: Transport energy and CO, (IEA 2009)
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demand by sector (km3), under BAU baseline and G2
scenarios

(2050) (Figure 25). In accordance with the higher
availability of fresh water resources in the green
economy scenarios, the fraction of population under
water stress will increase to 60 per cent in 2020 and
stabilise in the long-term to around 62 per cent

in 2050, compared to 67 per cent in the baseline.

Water-sector employment will reach 40-43 million
in 2050, which is 24 to 19 per cent below BAU owing
to the reduction in total water consumption, but it

is still 30 to 38 per cent higher than the 2010 level.

In the short-term, employment will remain about
the same, 34 million in 2015 under the green and
BAU scenarios. It is worth noting that investments
in the water sector could have considerable impacts
in developing countries, where interventions to
improve sanitation would considerably increase
access to potable water, and higher expenditure

in infrastructure could result in more efficient
use of water and increasing agricultural yields -
contributing to poverty reduction, especially in
rural areas.

In the case of lower precipitation in the decades
to come, water stress is projected to be higher and
to have more serious impacts on, among others,
agriculture production. More specifically, with
precipitation being 10 per cent below BAU by 2050,
water stress is expected to affect nearly 70 per cent
of the population in 2050. Under this scenario, green
investments will reduce water stress by about 6 per
cent, reaching 64 per cent.

Waste

In the green economy scenario, a total of
US$ 118 - USS 198 billion per year on average
is invested in the waste sector to increase
the waste collection rate and promote
recycling and composting practices. The
higher collection rate of wastes (around 82 to
83 per cent between 2010 and 2050) as well
as the projected economic development in
the green scenarios are projected to increase
the total usable waste volume in BAU and green
scenarios by 2 to 3 per cent in 2020 and 9 to 12 per
cent in 2050. However, owing to the significant
improvement in waste recovery (e.g. recycling rate
is 7 per cent in green scenarios, 2.2 per cent in
BAU and additional BAU cases in 2050), the annual
amount of waste directed to landfills in the green
scenarios will be much lower than the BAU scenario
by 2050. Thanks to the improvements in upstream
waste treatment, its employment will reach 25-26
million jobs in 2050, which is 2-3 million higher than
under BAU (the employment gain in 2020 is 0.4-0.54
million). It is worth mentioning the contribution of
recycling to reducing energy demand and emissions
as well as production costs - positively affecting
industrial GDP.



6 Conclusions

The simulation of future scenarios with an integrated
cross-sectoral model highlights the characteristics
of the green economy approach and provides an
assessmentof the globalimpacts of greeninvestments,
relative to BAU. These impacts are summarised below.

Undertaken at the global level, this analysis
necessarily does not reflect different national or
regional circumstances, which should be an area
for additional work. Among other aspects, such
analysis will need to pay attention to the means and
ability of governments to direct investment at the
scale envisaged, including necessary international
financial flows.?

The projections in the additional BAU investment
scenarios (BAU1 and BAU2), are for increases in GDP
and employment, but accompanied by a growing
depletion of natural resources. More specifically,
water stress will worsen, impacting population
growth, agriculture and industrial production. A
larger number of vessels in the fishery sector will
allow fish catch torise in the short-term but fall in the
medium- to longer-term, limited by a considerable
decline of fish stocks in capture fisheries in the next
40 years. The increased use of chemical fertilisers
is projected to increase yields in the agriculture
sector in the short-term at the expenses of a longer-
term decline of soil quality. This will require more
land - converted from forest area to farmland - to
feed the growing population. Moreover, the
increasing use of fossil fuels projected in the
additional BAU scenarios will further jeopardise
energy security and tend to slow economic growth,
through higher energy (especially oil) prices. As a
consequence of high fossil fuel dependency and
deforestation, CO, emissions are projected to
grow beyond BAU over the 40-year period. As a
consequence, while GDP will still grow, its pressure
on natural resources will increase, pushing our
ecological footprint to over two times the available
biocapacity by 2050 and atmospheric carbon
concentrations to over 1,000 ppm by 2100.

In the green economy scenarios, one observes
significant efficiency improvements, resource
conservation and carbon mitigation, which
contribute to stronger and more resilient economic
growth in the medium- and long-term. The

26. Such issues are discussed in more detail in the chapters on enabling
conditions and finance.
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sustainable management of natural resources,
resulting from a reduction in fishing capacity, a
decline in deforestation, the promotion of organic
fertiliser and a reduction in fossil fuel use, will allow
the restoration of stocks of key natural resources, or
greatly mitigate their depletion. For example, fish
stocks, forestland and soil quality are estimated to
increase by 64 to 106 per cent, 21 per cent and 21 to
27 per cent respectively relative to BAU by 2050, with
clear benefits for the productivity of these sectors.
In addition, the efficiency improvement of water and
energy use in a number of sectors will considerably
curb the consumption of these resources (below
BAU by 34 to 50 per cent for fossil fuels and 24 to
19 per cent for water in 2050) and avoid negative
consequences arising from their depletion. With
increased carbon sequestration from forests,
the potential sequestration from conservation
agriculture (still to be estimated in detail), and the
substitution of traditional energy resources with
low-carbon alternatives, CO, and GHG emissions,
will be considerably lower than BAU over the next
40 years.

Increasingly decoupled from the consumption
of natural resources, GDP growth under a green
scenario is expected to surpass that under BAU in
the medium- to long-term. Taking into account the
improved maintenance of natural capital in the
G1 and G2 scenarios, an adjusted measure of net
domestic product would probably perform even
more favourably relative to the BAU scenarios (see
Box 1). Driven primarily by green investments and
the subsequent push to economic development,
total net direct employment in the sectors analysed
in this chapter is projected to be lower than
additional BAU cases in the short-term, and to then
rise above all BAU scenarios in the medium to long
run (2-3 per cent above BAUT and BAU2 scenarios,
respectively, and 8 to 14 per cent above BAU in
2050). When total employment is considered, the
green scenarios are expected to converge to the
corresponding BAU cases in the longer-term, and
exceed BAUby3to5percentin40years.Theseresults
pointtotheneedforpoliciesthatrecogniseandmanage
the transition costs involved in moving towards
a green economy, with a focus on an equitable
distribution of costs and benefits that emerge from
new opportunities.
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201 2015 2020
Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2
Economic sector
Real GDP US$ bn/year 69,334 | 78651 79306 77,694 78384 78,690 | 91,028 92583 88738 90,915 92,244
GDP per capita US$ bn/year 9,992 10,868 10,959 10,737 10,832 10,874 12,000 12,205 11,698 11,983 12,156
Agriculture production * USS bn/year 1,921 1,965 1,967 1,945 1,963 1,976 2,066 2,071 2,035 2,146 2,167
(rop US$ bn/year 629 674 677 657 679 691 713 718 690 726 744
Fishery US$ bn/year 106 101 101 99 73 75 95 95 88 69 72
Forestry USS bn/year 748 718 718 718 740 740 747 747 747 840 840
Livestock US$ bn/year 439 4n 47 47 4an 4an N N N N N
lpnr?):fltcrt):on US$ bn/year 17,168 19,304 19,457 19,146 19,363 19,439 22,091 22,444 21,727 22,330 22,642
Services
el USS$ bn/year 50,245 57,382 57,882 56,604 57,058 57,275 66,871 68,068 64,975 66,439 67,434
Consumption US$ bn/year 53,368 | 60,539 61,044 59,803 60334 60569 | 70,066 71,263 68303 69,979 71,002
Investment USS$ bn/year 15,966 18,874 19,798 17,892 18,240 18,502 21,847 23,118 20,435 21,157 21,689
ﬁ]“’,‘:':t"’m":[: ' USS b/year 0 76 155 0 70 154 | 85 179 0 883 1788
Social sector
Total population billion people 6.9 7.2 7.2 7.2 12 72 7.6 7.6 7.6 1.6 1.6
Calories per capita Kcal/P/D 2,787 2,829 2,857 2,791 2,834 2,865 2,887 2,946 2,802 2,897 2,955
Population below $2/day % 195% | 181%  17.9%  183%  18.1%  181% | 164%  162%  169%  165%  16.2%
HDI Index 0.594 0.600 0.601 0.600 0.600 0.601 0.610 0.611 0.608 0.611 0.613
Zizi)lloyment million people 3,187 3,407 3,419 3,392 3,420 3441 3,685 3,722 3,641 3,676 3,701
Agriculture million people 1,075 1,119 1,123 1,113 1,147 1,167 1,185 1,200 1,167 1,215 1,244
Industry million people 662 725 728 723 722 m 803 810 796 793 790
Services million people 1,260 1,366 1,371 1,361 1,357 1,357 1,491 1,506 1,476 1,465 1,461
Fisheries million people 29 28 28 28 21 21 27 27 24 19 20
Forestry million people 21 20 20 20 21 21 21 21 21 24 24
Transportation million people 70 75 75 74 79 79 79 80 78 85 85
Energy million people 19 20 20 20 20 21 20 20 20 19 21
Waste million people 20 20 20 20 20 21 21 21 21 21 21
Water million people 31 34 34 34 33 33 37 37 37 35 35
Environmental sector
Forest land billion ha 39 3.9 39 39 4.0 4.0 3.9 39 39 4.0 4.0
Arable land billion ha 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Harvested area billion ha 1.20 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2
Water demand kmé/Yr 4,864 5,264 5,275 5,251 5,079 5,081 5,767 5,792 5,737 5,357 5375
Waste generation Mtonnes/year 11,238 11,514 11,527 11,475 11,607 11,660 11,836 11,864 1,775 12,002 12,084
Total landfill billion tonnes 7.9 8.4 8.4 8.4 8.0 8.0 9.0 9.0 9.0 7.6 7.7
Fossil fuel CO, emissions Mtonnes/year 30641 | 33269 33,557 32867 31,966 30,746 | 36,556 37,069 35645 33,231 30323
E‘I’:::;'a":é , Ratio 15 16 16 16 15 15 17 17 16 15 14
Primary energy demand Mtoe/year 12,549 13,589 13,674 13,470 13,315 13,245 14,926 15,086 14,651 14,120 13,709
Coal production Mtoe//year 3,620 4,098 4,150 4,026 3,975 3,858 4,592 4,671 4,435 4,202 3,907
Oil production Mtoe/year 3,838 4,059 4,079 4,028 3,847 3,704 4,344 4,398 4,264 3,907 3,591
Natural gas production Mtoe/year 2,715 2,886 2,897 2,869 2,840 2,804 3,233 3,259 3,195 3,107 2,980
Nuclear power Mtoe/year 755 807 807 807 820 848 869 869 869 897 956
Hydro power Mtoe/year 257 279 279 279 280 280 309 309 309 310 31N
Biomass and waste Mtoe/year 1,077 1,132 1,132 1,132 1,208 1,372 1,202 1,203 1,201 1,289 1,484
Other renewables Mtoe/year 286 328 328 328 344 378 377 371 377 410 481
RE share of primary demand % 13% 13% 13% 13% 14% 15% 13% 13% 13% 14% 17%

Table 7: Main indicators in BAU and green investment scenarios

* Note: Agriculture production includes production of crops, livestock, fisheries and forestry products. All monetary values are presented in constant 2010 US dollars.
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20m 2030 2050
Unit BAU BAU1 BAU2 BAU G1 @2 BAU1 BAU2 BAU G1 @2
Economic sector
Real GDP USS$ bn/year 69,334 | 116,100 119,307 110,642 17,739 122,582 | 164,484 172,049 151,322 174,890 199,141
GDP per capita US$ bn/year 9,992 14,182 14,577 13,512 14,358 14,926 18,594 19,476 17,068 19,626 22,193
Agriculture production * USS$ bn/year 1,921 2,259 2,268 2,219 2,383 2421 2,545 2,559 2,494 2,773 2,852
(rop US$ bn/year 629 786 795 752 806 836 898 913 849 941 996
Fishery US$ bn/year 106 83 83 75 69 76 61 61 57 72 91
Forestry USS bn/year 748 803 803 803 918 918 870 870 870 1,038 1,039
Livestock US$ bn/year 439 588 588 588 589 590 716 715 718 21 726
:;::::crt);on US$ bn/year 17,168 | 27,629 28,311 26,831 28,614 29,692 37,738 39,218 35571 41,455 46,588
Services
szl USS bn/year 50,245 | 86,212 88,727 81,592 86,742 90,469 124,201 130,272 113,258 130,661 149,701
Consumption US$ bn/year 53,368 | 89,364 91,833 85,163 90,626 94,354 126,606 132,429 116476 134,616 153,282
Investment USS bn/year 15,966 | 27,872 29,808 25,479 27,401 28,825 39,493 42,996 34,847 40,704 46,831
ﬁ]‘i‘:':t';":r: ' UsSbfyear 0 137 234 0 1050 2388 | 1616 3377 0 1719 3889
Social sector
Total population billion people 2,787 | 2,973 3,050 2,840 3,001 3,093 3,178 3,273 2,981 3,238 3,382
Calories per capita Keal/P/D 19.5% | 14% 14% 15% 14% 13% 10% 10% 1% 10% 8%
Population below $2/day % 0.59 | 0.630 0.633 0.626 0.635 0.643 0.671 0.680 0.663 0.688 0.714
Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2
HDI Index 0.594 0.630 0.633 0.626 0.635 0.643 0.671 0.680 0.663 0.688 0.714
Z?r::lloyment Mn people 3,187 4,137 4,204 4,057 4,108 4,143 4,739 4,836 4,613 4,762 4,864
Agriculture Mn people 1,075 1331 1371 1,284 1,351 1,393 1,580 1,656 1,489 1,618 1,703
Industry Mn people 662 923 931 915 907 900 1,064 1,067 1,059 1,051 1,042
Services Mn people 1,260 1,663 1,680 1,643 1,629 1,622 1,837 1,851 1,813 1,836 1,843
Fisheries Mn people 29 23 23 21 19 21 17 17 16 20 25
Forestry Mn people 21 23 23 23 26 26 25 25 25 30 30
Transport Mn people 70 89 90 87 100 98 99 120 122 7 130
Energy Mn people 19 19 19 19 18 20 19 19 19 18 23
Waste Mn people 20 22 22 22 22 23 24 24 23 25 26
Water Mn people 31 43 44 43 37 38 43 44 43 43 44
Environmental sector
Forest land billion ha 3.9 3.8 3.8 3.8 41 41 3.7 3.7 37 45 45
Arable land billion ha 1.6 1.6 1.6 1.6 1.5 15 1.6 1.6 1.6 15 15
Harvested area billion ha 1.20 1.27 1.27 1.27 1.25 1.25 131 131 131 1.26 1.26
Water demand km3/Yr 4,864 6,735 6,784 6,668 5,810 5,889 8,320 8,434 8,141 6,220 6,611
Waste generation Mtonne/Yr 11,238 12,445 12,499 12,342 12,785 12,946 13,400 13,505 13,201 14,305 14,783
Total landfill billion Tonnes 8 10 10 10 6 6 12 12 12 1 2
Fossil fuel O, emissions Mtonne/Yr 30,641 | 42,669 43,785 40,835 35,635 29,967 53,703 55,684 49,679 29,943 20,039
E‘l’:::;'a":é , Ratio 15 18 18 18 16 14 22 22 21 14 12
Primary energy demand Mtoe/year 12,549 17,407 17,755 16,832 15,107 14,269 21,044 21,687 19,733 14,562 13,051
Coal production Mtoe/year 3,620 5,447 5,636 5,143 4,126 3,660 7,512 7,930 6,602 2,677 2,049
Oil production Mtoe/year 3,838 4910 5,019 4,726 4,026 3,478 4,968 5102 4,727 3,770 2,724
Natural gas production Mtoe/year 2,715 3,901 3,951 3,816 3,578 3,218 4,906 5,000 4,744 4114 3,239
Nuclear power Mtoe/year 755 968 968 968 1,024 1,151 1,089 1,089 1,089 1,179 1,500
Hydro power Mtoe/year 257 373 373 373 374 377 459 459 459 461 467
Biomass and waste Mtoe/year 1,077 1,341 1,342 1,339 1,447 1,709 1,525 1,524 1,528 1,687 2,079
Other renewables Mtoe/year 286 467 467 467 532 676 584 584 584 673 992
RE share of primary demand % 13% 13% 12% 13% 16% 19% 12% 12% 13% 19% 27%

Table 7: Main indicators in BAU and green investment scenarios (continued)

* Note: Agriculture production includes production of crops, livestock, fisheries and forestry products. All monetary values are presented in constant 2010 US dollars.
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2015 2020 2030 2050
1% case 2% case 1% case 2% case 1% case 2% case 1% case 2% case
Economic sector
Real GDP 03 08 0.1 0.4 14 27 63 157
GDP per capita 03 08 0.1 -0.4 12 24 56 139
S?J(';l:‘c';‘;’s . -0.1 05 39 47 55 67 9.0 114
(rop 06 21 17 36 26 52 49 9.0
Fishery 276 26.1 271 239 159 756 178 475
Forestry 30 30 12.5 125 144 144 19.4 19.5
Livestock 00 00 0.0 0.0 02 03 07 16
L"rgg;tgon 03 01 11 09 36 49 99 18.8
;:‘é':f;on 06 10 06 -09 06 20 52 149
Social sector
Total population 0.0 0.0 0.0 0.0 0.2 0.3 0.7 1.6
Calories per capita 0.2 0.3 0.3 0.3 0.9 1.4 1.9 3.4
gg%‘;;m" bidfy 03 07 0.1 04 13 2.4 -6.0 143
HDI 0.0 0.0 02 03 09 15 25 5.1
Zﬁz'loymem 04 06 02 06 07 15 05 06
Agriculture 25 3.9 25 3.7 1.5 1.6 24 238
Industry 0.4 09 13 25 18 33 12 24
Services 06 10 17 29 21 35 0.0 0.4
Fisheries 276 -26.1 271 -39 -15.9 76 178 475
Forestry 32 32 127 127 146 146 19.8 199
Transport 6.0 5.5 7.5 6.7 10.1 10.0 3.0 6.4
Energy 0.1 68 31 32 59 48 63 210
Waste 08 12 14 19 27 36 68 95
Water 35 37 71 72 137 132 252 216
Environmental sector
Forest land 13 14 32 33 79 8.1 211 212
Arable land 1 1 26 26 58 58 114 14
Harvested area -0.3 -0.3 -0.7 -0.7 -1.7 -1.6 -3.8 -3.7
Water demand 35 37 71 72 137 132 2252 216
;\ga;;faﬂon 08 12 14 19 27 36 6.8 95
Total landfill 53 49 156 -15.1 -39.0 383 -87.6 -87.2
E‘I’SISS"SE‘:S' @, 39 8.4 91 182 165 316 442 640
E‘l’gg’;ﬂy 50 75 71 125 128 215 378 479
zg‘n’:‘;’(’f"e’gy 20 31 54 9.1 1322 196 308 398
Coal production -3.0 -7.0 -8.5 -16.4 -24.3 -35.1 -64.4 -74.2
0il production 52 92 101 184 -18.0 307 241 466
;‘f;(‘i’l:i'tga; 16 32 39 85 83 186 161 352
Nuclear power 1.6 5.0 3.2 10.0 5.9 19.0 83 37.8
Hydro power 0.1 0.3 0.2 0.6 03 1.0 0.4 1.8
E,':;‘:“ e 67 212 72 234 79 274 106 36.4
?:::Jvables 49 152 87 273 138 447 152 69.9
Eﬁﬂ‘;r;egefman ] 75 205 124 325 243 575 58.7 129.1

Table 8: Comparison (per cent) of main indicators in G1 scenario relative to BAU1 scenario (1 per cent case),
and G2 scenario relative to BAU2 scenario (2 per cent case)

* Note: Agriculture production includes production of crops, livestock, fisheries and forestry products.
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Annex 1. Technical specifications of
the Threshold 21 (T21) World model

Finding that currently available national and global
planning models are either too detailed or narrowly
focused, and perhaps too decision oriented and
prescriptive, this study proposes an approach that
a) extends and advances the policy analysis carried
out with existing tools by accounting for the dynamic
complexity embedded in the systems studied, and
b) facilitates the investigation and understanding of
the relations existing between energy and society,
economy and the environment. This is crucial, since
understanding the characteristics of real systems,
feedback, delays and non-linearity is fundamental
for the correct representation of structures, whose
behaviour is outside their normal operating range
(Sterman 2000; see also Figure 1). The inclusion of
cross-sectoral relationships - social, economic and
environmental - allows for a wider analysis of the
implication of policies by identifying potential side
effects or longer-term bottlenecks for development. In
other words, a policy can have very positive impacts
for certain sectors and create issues for others. Also,
successful policies in the longer-term may have negative
short-term impacts, for which mitigating actions may be
designed and implemented.

As indicated earlier, the approach proposed uses
System Dynamics as its foundation and incorporates
various methodologies, such as optimisation (in the
energy sector) and econometrics (in the economic
sectors). The integrated global model is used to:
(1) provide an integrated analysis and evaluation
of investment choices; (2) generate projections of
future developments (though acknowledging that
long-term accurate projection cannot easily be
produced, even when simulating a large number of
endogenous key variables (Sarewitz 2000); (3)
increase the understanding of the relations underlying
the system analysed; and (4) and bring consistency to
models.

The Threshold21 (T21) World model (T21-World) is
structured to analyse medium- long-term development
issues. The model integrates in a single framework the
economic, the social, and the environmental aspects of
development planning. T21-World modelling structure
includes both monetary and physical indicators, to
fully analyse the impacts of investments on natural
resources, low-carbon development, economic growth
and job creation. Key characteristics of the model are
highlighted below.

Boundaries: Variables that are considered an essential
part of the development mechanisms, object of the
research, are endogenously calculated. For example,
GDP and its main determinants, population and its main
determinants, and the demand and supply of natural
resources are endogenously determined. Variables that
have an important influence on the issues are analysed,
but those that are only weakly influenced by the issues
analysed or that cannot be endogenously estimated
with confidence are exogenously represented.

Granularity: The T21-World model presented in this
chapter is a global model, with no regional or national
disaggregation; although, the model is routinely
developed for specific countries, and is applicable at
other scales such as communities.”’ Nonetheless, the
main social, economic and environmental variables of
T21-World are disaggregated in considerable detail. For
example, populationis divided into 82 age-cohorts and 2
genders, and the age-gender distinction is used in most
social indicators; production is divided into industry,
services and agriculture, this last further divided into
crops, fishery, animal husbandry and forestry; land is
divided into forest, agriculture, fallow, urban and desert.
Finally, given its level of aggregation, the model is
generally based on global average values for variables
such as unit costs and prices.

Time horizon: T21-World is built to analyse medium-
to long-term development issues. The time horizon
for simulation begins in 1970 and extends to 2050.
Beginning the simulation in 1970 ensures that, in most
cases, the historical patterns of behaviour characterising
the issues being investigated can be replicated by the
model.

Modules, sectors and spheres: T21-World is a relatively
large model, which includes more than 200 stock
variables and several thousand feedback loops. Because
of its size and level of complexity, the structure of the
model has been reorganised into smaller logical units,
called modules. A module is a structure, whose internal
mechanisms can be understood in isolation from the
rest of the model.® The 80 modules comprising T21-

27. As it is emphasised later on in the text, although it is possible to
understand the internal mechanism of a specific module in isolation
from the rest of the model, the fully understanding of its functioning and
relevance requires studying its role in the whole model’s structure.

28. For more information, see Bassi and Baer (2009), Bassi and Yudken
(2009), Bassi and Shilling (2010), Bassi et al. (2009a, 2009b, 2010), Magnoni
and Bassi (2009), Pedercini and Barney (In Press), Yudken and Bassi (2009).
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Society Economy Environment
Population Agriculture Land
Nutrition Fishery Water
Education Forestry Energy
Employment Industry Waste
Poverty Services Emissions
Public infrastructure Economic accounts Footprint

Figure A1: Spheres and sectors of T21-World

World are grouped into 18 sectors: 6 social, 6 economic
and 6 environmental sectors, as listed in Table 9. Sectors
are groups of one or more modules of similar functional
scope. For example, the water sector groups both the
water demand and water supply modules. Finally, for
convenience in summarising and communicating the
results, society, economy and environment are known as
the three spheres of T21-World. All sectors in T21 belong
to one of the three spheres,” depending on the type of
issue they are designed to address. Modules are built to
be in continuous interaction with other modules in the
same sector, across sectors, and across spheres.* Table 9
lists the spheres, sectors and modules of T21-World.

The Social sphere of T21-World contains detailed
population dynamics organised by gender and age
cohort. Fertility is a function of the level of income and
education and mortality rates are determined by the
level of income and the level of access to basic health
care. Access to education and health care services,
nutrition, employment and basic infrastructure are also
represented in this sphere. Access to basic social services
is used — in addition to income - to determine poverty
levels in a broad sense. Social development is highly
connected to economic performance in T21-World. As
economic conditions improve, a higher proportion of
expenditure is allocated to health care and education,
among others, increasing labour productivity and, thus,
faster economic growth.

The Economy sphere of the model contains several
major production sectors (agriculture, fishery, forestry,
industry and services). Production is generally
characterised by modified Cobb-Douglas production
functions (See Box A1) with inputs of labour, capital, and
technology, with the specification varying from sector
to sector. Agriculture, fishery and forestry production
is highly influenced by the availability and quality of

29. In certain country customisations, with energy being a key area
of analysis and using a variety of modules, we represent it as the 4th
sphere of T21.

30. Causal loop diagrams (CLD) highlighting the main structural
components of each sector modelled and analysed in the GER are
presented in section VII, Technical Background Material.

natural resources. While capital and labour contribute
to production, the stock of fish, forest and the quality of
soil - together with water availability for agriculture - are
also important determinants of output in these sectors.

For this reason T21-World tracks the physical flow of key
natural resources, endogenously calculating depletion
and its impacts on production.®' Further, production in
the three major economic sectors is influenced by social
factors, such as life expectancy and education level,
included in the calculation of total factor productivity
(TFP) together with the impact of natural resources
availability and energy prices. These feedback effects
are sufficiently important that in the business-as-usual
scenario, the annual rate of world GDP growth gradually
falls from about 2.7 per cent per year in the period 2010-
2020 to 2.2 per cent in the period 2020-2030 and further
to 1.6 per cent in the period 2030-2050.

The Environment sphere tracks land allocation, water,
waste and energy demand and supply. T21-World
calculates also air emissions (CO,, CH,, N.O, SO,
and greenhouse gas) and the ecological footprint.
Economic activities and demographic growth create
increasing pressure on natural resources, while at
the same time allowing for development of better
and more efficient technologies. In the case of
energy, stocks of fossil fuel resources and reserves
are explicitly and endogenously modelled. These
stocks are among the primary drivers of fossil fuel
prices, which are calculated by taking into account
short and longer term trends. Fossil fuel prices, in
turn, influence oil exploration and discovery as well as
energy demand, and, as a consequence, oil recovery
- creating a variety of feedback loops (see Bassi 2009,
and section Il in the Technical Background Material
for more details).

In order to validate the model, both structural and
behavioural tests were carried out. On the structural
validation, T21-World and its sectors were designed
based on existing state-of-the-art sectoral models
with updated data. The knowledge gained through
the review of these models was then translated into
T21-World, exogenous inputs were replaced with
endogenous ones, and causal relations were explicitly
represented in a disaggregated manner. The new
structure of each sector was then verified and validated
comparing the behaviour of the model against
historical data (normally from 1970 until 2008). More
detailed analyses were then performed to identify and
analyse the causal relations included in the model and
the relevance of exogenous assumptions (or drivers),
through the simulation of sensitivity analyses for

31. There is no requirement imposed, even in the green investment
scenarios, that stocks reach an equilibrium state.
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Box Al: The Cobb-Douglas production function in T21 for agriculture,
industry and services macro sectors

The classic form of the CD production function is expressed as following:
Y=AXK*x L%

Where here the traditional technology term, A, is used to represent a series of factors affecting total factor productivity
(TFP; as in a growth accounting approach), K represents the stock of capital, and L represents labour. The constant a
represents the elasticity of output to capital: the ratio between the percentage change of output and the percentage
change of an input. The elasticity of output to labour is set to 7-a, assuming that there are constant returns to
scale (the production function is thus first order, homogeneous). In T21 the standard CD production function is
transformed into a more transparent algebraic form, and TFP is expanded to include several different elements.
The equation used to estimate industry production is as shown below:

yi = yi, xric® xril? x fpi,
Where yi. is the current industry production, yi, is the initial industry production, ric, is the relative industry capital
(relative to 1970), ric, is the relative industry labour and fpi, is the industry total factor productivity. Moreover, a is
the elasticity of capital and 3 is the elasticity of labour. The T21 takes an approach whereby total factor productivity
is comprised of a number of components related to human and natural capital. Thus, total factor productivity in
industry fpi, is determined by a range of human and natural capital related components, including health (relative
life expectancy rle), education (relative years of schooling rys), energy (relative oil price rop,), relative waste recycle
rate rwr,, and relative water stress rws. The total factor productivity of industry is calculated as follows, with relative
oil price and water stress having a negative impact on productivity, reflecting the negative effects that scarcities
of these have on industrial production, either through higher prices or other costs that have to be incurred to
compensate:

fpi =rys®/ropxrlef xrwr?x rws?
The equation used to estimate agricultural production is defined in terms of yield, still determined by a transformed
Cobb-Douglas production function, uses different inputs for TFP. The equation below is used to estimate natural
yield per hectare. Effective crop yield is the natural crop yield per hectare minus yield lost due to pest diseases. By
multiplying the harvested area by effective crop yield per hectare, we determine the total crop yield. Total crop
yield multiplied by crop value added gives agriculture (food processing) production, or the total value added.

Y, =yi xredxrlf X f(R&D, sq, f,, 1/ws)
Where y, is the current natural crop yield per hectare, yi, , is the initial natural crop yield per hectare, rc, is the relative
capital, and rlt is the relative labour. Where f is the effect of R & D (relative research and development), sq (relative
soil quality), £, (relative fertiliser use) and ws (relative water stress) on crop yield. Moreover, a is the elasticity of
capital and 8 is the elasticity of labour. Labour in the agriculture production function represents human capital that
consists of quantity and quality of labour. The quantity of labour is agriculture employment while quality of labour
is determined by literacy (average years of schooling) of the labour force and health conditions (life expectancy).

selected variables (e.g. availability of reserves and
resources, or the elasticity of GDP to oil prices). Further,
extreme condition tests, feedback loop analysis as
well as unit consistency tests were performed on all
models. Further, boundaries as well as structural
(i.e. causal relations and equations) and parameter
consistency tests were normally checked with experts in
the field analysed. Overall, the structure of the models
presented in the five studies presents less detailed
disaggregation but higher dynamic complexity (cross
sectoral relationships and feedback loops) when
compared with other existing models (e.g. MARKAL,

in the energy sector). In other words, each sector
developed for the studies is relatively simple when
taken in isolation, and the complexity comes out of the
feedback loops built into the model across modules and
sectors.

Concerning behavioural validation, over 450 social,
economic and environmental variables were simulated
against history. Historical projections generally match
well with data, as partly illustrated in Figures 5,6, 8 and 9,
and, as shown in section Ill in the Technical Background
Material. During the modelling process particular
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emphasis was given to the analysis of the performance
of aggregated indicators, and details were added and
more carefully addressed in the models of the specific
sectors analysed in the GER - where adding granularity
was useful to provide insights on the impact of selected
investments. Furthermore, future projections were
compared with those from other organisations, as
shown in section lll of the Technical Background Material,
including among others, the IEA, FAO, World Bank,
UNIDO, United Nations Population Division, United
Nations Statistics Divsion, and McKinsey & Company.

Finally, it is worth mentioning at the outset that the
model has several limitations relative to the breadth of
the GER.T21-World is a global model (with no regional or
national disaggregation, and no explicit representation
of trade) that focuses on medium- to longer term trends.
In addition, T21-World includes only a limited amount
of feedbacks linking GHG emissions to health and
economic activity, and accounts for a limited number
of natural resources (e.g. details on stock of non-fuel
minerals are not included in the model). Further, the
model does not quantify biodiversity and does not fully
capture a number of important features of the labour
market (while labour force, employment figures and
income are calculated endogenously, disaggregated
real wages by sector are not estimated and the quality
of work, or “decent work”, could not be determined with
confidence). Finally, the capital and financial markets
are not specifically modelled, and T21-World uses a
supply-side approach to production, although in many
cases both demand and supply are calculated at the
sectoral level.32 33

32. Other existing models used to support medium- to longer term
planning exercises and analysis face similar issues, and often have very
narrow boundaries compared to T21-World. OECD models employed
to project scenarios presented in their environmental outlook do not
explicitly account for the labour market and unemployment, and World
Bank budgetary frameworks often do not single out capital and financial
markets. Sectoral models - normally based on case studies - exist, but
there is little agreement on the extent to which these relate to other
sectors and dynamic projections of future trends are normally missing.
More details on model specifications are provided in various sections of
the Technical Background Material.

33. More information on T21, and several customizations and country
applications can be found at www.millennium-institute.org. Selected
publications include: Bassi (2010a, 2011), Bassi and Baer (2009), Bassi and
Yudken, (2009, Forthcoming), Bassi and Shilling (2010), Bassi et al. (20093,
2009b, 2010), Cimren et al. (2010), Magnoniand Bassi (2009), Yudken and
Bassi (2009).
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