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EXECUTIVE SUMMARY

This study simulates two main scenarios for Georgia’s economic development until 2040, and analyses
the results:

e A business as usual (BAU) case assumes the continuation of historic trends and incorporates all
current policies and interventions

e A set of green economy (GE) scenarios simulates additional interventions in the agriculture,
building and tourism sectors

An integrated model assesses the outcomes of green economy policies on investments, avoided costs and
added benefits, and estimates the effects of the policies on GDP, job creation, and both government and
household accounts.

The GE interventions in the model require a total investment of GEL 24.7 billion between 2018 and 2040
with the largest shares going to the building and tourism sectors for energy efficiency measures.
Investments of GEL 2.2 billion in the agriculture sector support the installation of efficient irrigation
infrastructure and the conversion of cropland to sustainable farming practices.

The transition to more efficient technologies yields cumulative avoided costs — from energy efficiency
measures in buildings, the downscaling of wastewater treatment facilities, and lower capacity
requirements for the generation of electricity — of almost GEL 3.8 billion by 2040, and cumulative
additional benefits of GEL 29.3 billion in labour income and social and environmental benefits of reducing
emissions from energy consumption.

Real GDP reaches GEL 69.4 billion in 2040 In the BAU scenario, and GEL 74.0 billion in the GE scenario. The
cumulative difference in GDP between the scenarios totals GEL 61.7 billion by 2040. The model projects
real GDP to grow on average by 3.8 per cent per year between 2017 and 2040 in the BAU scenario, and
by 4.0 per cent per year in GE scenario.

Government revenues grow on average by 6.0 per cent per year in the BAU scenario, and 6.2 per cent in
the GE scenario. Annual government revenues reach approximately GEL 40.8 billion by 2040 in the BAU
scenario and GEL 42.9 billion in the GE scenario.

GE interventions reverse the BAU increase in unemployment in 2020, but starting in 2030 — after the end
of the implementation of GE policies — unemployment rises (in the absence of new interventions). Private
consumption reaches GEL 103 billion by 2040 in the BAU scenario, and GEL 108 billion in the GE scenario
—about 5 per cent higher. Disposable household income was GEL 27.3 billion in 2015. By 2040, it increases
to GEL 128.7 billion per year in the BAU scenario and to GEL 135.2 billion in the GE scenario.

The models for the agriculture, building and tourism sectors are customized for Georgia. These sectors
were chosen for their current relevance to the economy, for the potential that GE interventions have in
improving the performance of these sectors, and for their tight interconnectedness.

The investments required for the transition to more sustainable buildings total GEL 19.2 billion between
2020 and 2040, and include upgrades in technology, the construction of new buildings and the retrofitting
6



old buildings. Employment from the construction of buildings remains unchanged compared to the BAU
scenario.

By 2040, a higher share of energy-efficient buildings causes the annual electricity demand for buildings in
the GE scenario to be 11.7 per cent lower than in the BAU scenario. The increase in green buildings reduces
the electricity consumption per square metre by 7.9 kWh per year, and higher energy efficiency
contributes to cumulative savings of GEL 3.3 billion in the operating costs of buildings by 2040.

The increased energy efficiency in buildings contributes to a 6.4 per cent reduction in annual CO;
emissions compared to the BAU scenario, and water demand for buildings reaches 267.6 billion litres per
year in 2040, 9.2 per cent lower than in the BAU scenario.

In the agriculture sector, the analysis focuses on the improvement of production and water management
practices to increase land productivity and the area that is irrigated.

The transition to sustainable agriculture practices requires investments of GEL 496 million between 2020
and 2040, while investments in more efficient irrigation capacity total GEL 2.2 billion. The total amount of
agricultural land remains unchanged in the GE scenario relative to the BAU case, but the share of
sustainable agriculture grows from 0.1 per cent in 2017 to 20 per cent in 2030. This increase in sustainable
agriculture land increases the agriculture share of real GDP by GEL 193.4 million in 2040. Cumulatively,
the greening of the agriculture sector generates an additional GEL 2.6 billion in real value added between
2020 and 2040.

The expanded use of sustainable farming practices results in total annual agriculture production that is
1.9 per cent higher than in the BAU scenario. In addition, the higher carbon sequestration capacity of soil
under sustainable practices leads to an increase in the annual CO; absorption from land use. The
cumulative CO, absorption equates to a GEL 312.7 million reduction in the social cost of carbon.

The use of drip irrigation in sustainable agriculture contributes to significant reductions in water demand.
Overall, the GE scenario yields an 8.1 per cent reduction in water consumption for the period 2020-2040,
leading to the possible irrigation of 23,600 additional hectares.

The analysis of the tourism sector focuses on improvements to infrastructure, the expansion of
ecotourism and the increased use of local food by the industry. Tourism is forecast to remain an important
sector in the economy with a projected increase in the total number of overnight stays of 80.2 per cent
between 2016 and 2040, mainly driven by international arrivals.

The additional investments required to achieve higher efficiency in the GE tourism scenario total GEL 1.1
billion cumulatively by 2040. The share of green hotels reaches 15 per cent in 2040, while total demand
for floor space increases by 1.1 million m? as a consequence of the increase in average length of stay.

In 2015 the tourism sector’s contribution to real GDP was GEL 2.2 billion, and is projected to reach GEL
4.7 billion by 2040. By 2040, the additional value added by green hotels increases real GDP from tourism
by 5.8 per cent compared to the BAU scenario, or GEL 2.3 billion cumulatively.



Employment in the tourism sector is projected to increase from 179,100 jobs in 2014 to 561,700 jobs in
2040 as a result of the increasing construction of hotels to meet the demand. By 2040, the transition to
green practices generates 32,600 additional jobs.

The high efficiency of the newly constructed green hotels yields annual savings of GEL 2.4 million in
operating costs in the hotel sector, and the reduction in energy consumption and the shift to more
sustainable and reliable heating systems contributes to emission savings. The reduction in electricity
consumption contributes to reducing total investments in power generation capacity by GEL 80.9 million
compared to the BAU scenario, and the reduction in total CO, emissions from buildings reduces the annual
social costs of carbon in 2040 by GEL 460,000.
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INTRODUCTION

The development of a green economy (GE) in Georgia can effectively support the attainment of national
development targets in the Green Growth Policy Paper (Ministry of Economy and Sustainable
Development of Georgia, In Press). While that policy paper provides a qualitative assessment of how the
green economy concept can be applied through the implementation of policies that would stimulate
green growth and hence allow the country to achieve stated targets in a more cost effective manner, this
report provides a quantitative assessment of the avoided costs and added benefits emerging from the
implementation of green economy interventions.

This study is a collaborative effort between the Ministry of Economy and Sustainable Development
(MoESD) and UN Environment. The main goal is to inform the preparation of the National Green Economy
Strategy, providing insights on the likely social, economic and environmental outcomes of green economy
policy implementation. The study analyses the building, tourism and agriculture sectors, and tests the
improvement of energy efficiency in buildings, the expansion of sustainable tourism, and the use of
sustainable agriculture practices. Synergies are explored among these sectors, with emphasis on energy
and water management and the provision of food.

The macroeconomic and sectoral models rely on System Dynamics (SD), a methodology that enables the
explicit capture of sectoral dynamics and cross-sectoral relations and the identification of potential entry
points for policy intervention. The models forecast policy outcomes across economic sectors over time.

A range of scenarios are simulated to estimate and analyse the outcomes of GE policies on the
performance of the respective sector and on their combined effects across sectors. The results of the
analysis are presented for several monetary and physical indicators. Monetary indicators are grouped in
three main categories: investments, avoided costs and added benefits. An extended analysis of costs and
benefits, which includes the economic valuation of social and environmental policy outcomes, is provided
to support budgetary allocations across various green economy interventions, both in the context of the
National Green Economy Strategy and the annual sectoral and national budgetary exercises.
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1. GEORGIA’S ECONOMIC, SOCIAL AND ENVIRONMENTAL PROFILE

1.1. Economy

In 2016, Georgia’s GDP was GEL 35.6 billion, with a GDP growth rate of 2.7 per cent. Between 2000 and
2016, Georgia’s GDP grew on average by 5.4 per cent per year (World Bank, 2017). In 2017, severe external
shocks to Georgia’s economy resulted in economic growth missing expectations. The International
Monetary Fund (IMF) projects real GDP growth for 2017 to be 3.5 per cent, with GEOSTAT recording a
preliminary value of 5.0 per cent.

Private sector investment has been the main driver of economic growth in the last decade. The share of
private sector investments in GDP increased from around 12.5 per cent in 2010 to roughly 25 per cent in
2016. During the same period, public investments decreased from 9 per cent in 2010 to roughly 7 per cent
in 2016 (GoG, 2017).

The key sectors contributing to economic growth and job creation are services, manufacturing and
construction. Since 2009, these sectors have recorded average annual growth rates of 8.8 per cent
(services), 8.7 per cent (manufacturing), and 7.4 per cent (construction) (GoG, 2016a).

According to the World Bank, the composition of GDP shows a shift towards a services-oriented economy.
In 2002, the contribution of the agriculture, industry, and services sectors were, respectively, 22 per cent,
22 per cent and 56 per cent. By 2014, agriculture’s share in GDP decreased to 9 per cent, while the share
of industry and services increased to 24 per cent and 67 per cent respectively (World Bank, 2017).

Employment by sector has followed the composition of GDP. Compared to 2006, the share of employment
provided by industry increased from 9 per cent to 10 per cent, and services increased from 35.6 per cent
to 39.1 per cent. During the same period, agricultural employment has decreased from 55.3 per cent to
50.9 per cent (World Bank, 2017).

The unemployment rate in Georgia has been decreasing steadily since 2009, going from 16.9 per cent to
11.8 per cent in 2016, the lowest point in the past 13 years (GEOSTAT, 2017a). In this respect, agriculture
remains an important sector, as it provides food and generates jobs for more than half of Georgia’s
workforce. Around 80 per cent of the workforce working in the agriculture sector is self-employed, which
indicates that many farmers still engage in subsistence farming and produce food for their own
consumption or local markets. Furthermore, the lack of advanced mechanization contributes to low
productivity in the sector, and hence high employment (GCAD, 2015). In 2014, roughly 51 per cent of jobs
were provided by the agriculture sector, followed by 39 per cent in services and 10 per cent in the industry
and manufacturing sector.

Between 2000 and 2016, Georgia’s GDP per capita (Purchasing Power Parity, constant 2011 international
S) grew on average by 6.8 per cent per year, increasing from $3,264 per person in 2000 to $9,267 per
person in 2016 with an intervening drop after the 2008 crisis from $6,408 in 2008 to $6,255 in 2009.

In 2014, Georgia ranked eighth out of 189 countries in the World Bank’s “Doing Business” assessment,
two positions better than in 2013 (GCAD, 2015). Several incentive programmes have been developed to
draw investment into Georgia, especially in the agriculture sector (GoG, 2016b). As a testament to a

13



business-friendly environment, Georgia’s tourism sector has shown strong growth in the last decade, both
in terms of tourism arrivals and investment.

1.2. Society

Georgia’s population in 2016 was 3.7 million people and its annual growth rate was 0.06 per cent. The
share of people living in urban areas slightly increased from around 52.3 per cent in 2002 to 53.8 per cent
in 2016 (World Bank, 2017).

Georgia’s literacy rate of people aged 15 and older remained constant at 99.6 per cent through the last
decade (World Bank, 2017). The net school enrolment rates were at gender parity with 99 per cent for
boys and 98 per cent for girls in primary education and 95 per cent for both boys and girls in secondary
education. School dropout rates from secondary education are generally higher for boys than for girls.
Especially in later years (grades 9 to 11), the rate at which boys drop out from secondary education is
almost twice as high as the rate for girls (UNESCO, 2017). Despite good access to education, one of the
main challenges for the education sector is a growing mismatch between curricula and the skills required
in the workplace (GCAD, 2015).

The share of population with access to improved sanitation facilities is steadily decreasing from 95.7 per
cent in 2000 to 86.3 per cent in 2015. During that period, access to improved sanitation facilities in urban
areas slightly decreased from 96.4 per cent to 95.2 per cent, while access in rural areas decreased
significantly, from 94.9 per cent to 75.9 per cent (World Bank, 2017).

1.3. Environment

Georgia has forests, fresh waters, wetlands, semi-deserts, steppes and high mountains as well as marine
and coastal ecosystems. Georgia’s forests are rich in biodiversity and have unique tree species in the Pan-
European region.

Many of Georgia’s ecosystems face anthropogenic pressures including logging and deforestation, soil
erosion, water pollution, desertification, eutrophication and climate change (UNECE, 2016). Georgia’s
biodiversity is especially vulnerable to economic interventions in vulnerable areas, partially as a
consequence of the deregulation of Georgia’s environmental framework. According to the Bertelsmann
Stiftung foundation, the current use of natural resources is unsustainable, and a lack of foresight and the
prioritization of economic benefits over sustainability considerations have resulted in severe
environmental degradation, especially in agricultural, mountainous and coastal regions (BTI, 2016).

Georgia has approximately 2.5 million hectares of forest, around 41.6 per cent of its land area (World
Bank, 2017). Forests contain most of the biodiversity of the country and are the predominant ecosystem
in Georgia (UNECE, 2016). Almost all of Georgia’s forest area consists of natural forests and are made up
of close to 800 types of trees and bushes (GoG, 2016c). Forests contribute to soil protection, water
protection, recreation and other ecosystem services. Specifically, they provide non-timber forest products
that sustain the livelihood of the population and serve commercial purposes (UNECE, 2016). Among the
main threats to Georgia’s forests are pests and disease, illegal logging, intense grazing and unsustainable
forest management (UNECE, 2016). In addition to these, climate change was recently identified as a
pressure on Georgia’s forest sector (GoG, 2016c).
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To curb some of the pressures and set the preconditions for sustainable development, Georgia has
established several policy frameworks. The most important of these is the National Biodiversity Strategy
Action Plan (NBSAP-2) 2014-2020 (UNECE, 2016). The first NBSAP was implemented in 2005 and featured
a 10-year strategy of conservation and sustainable use of biological diversity and a 5-year plan of concrete
actions. In 2011, the process of updating the NBSAP began with technical project assistance from GIZ. The
NBSAP-2 provides an overview of Georgia’s biodiversity together with the vision and the overall national
targets for safeguarding biodiversity (CBD, 2014).

According to its Third National Communication to the United Nations Framework Convention on Climate
Change (UNFCCC), Georgia’s annual CO, emissions increased from 10,864 kilotons in 2000 to 16,094
kilotons in 2011, and to 16,679 kilotons in 2013 (GoG, 2016b).

Figure 1 provides an overview of Georgia’s total CO, emissions by sector. Emissions from land use and
land use change — excluded from this graph — amounted to a net sequestration of 7,094 kilotons in 2011
(GoG, 2016c¢). This indicates a net removal of 4,624 kilotons of CO, emissions in 2011 from primary sectors,
estimated as total sequestration (7,094 kilotons) minus emissions from agriculture and pasture land
(2,470 kilotons). Despite an increase in hydroelectricity between 2008 and 2011, the energy sector is, with
a share of roughly 50 per cent in total emissions, by far the largest emitter of greenhouse gas (GHG)
emissions (GoG, 2016c).

Figure 1: GHG emissions by sector (2001 — 2011) (GoG, 2016c)
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Multiple programmes aimed at increasing the share of renewables have been launched through the last
decade — the Programme on Promotion of Renewable Energies Il, for example. The aim of these
programmes is to stimulate investments in small-scale, low-carbon energy generation capacity (OECD,
2016). The implementation of these programmes focuses on providing low-cost energy to Georgia’s
population.
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2. METHODOLOGY AND MODELING APPROACH

2.1.System Dynamics and Green Economy modeling

The methodology for the creation of the quantitative sectoral and macroeconomic models is System
Dynamics (Forrester, 1961; Sterman, 2000), an approach that uses causal relations, feedback loops, delays
and non-linearity to represent real-life complexity. SD models run differential equations through the
explicit representation of stocks and flows.

In the context of a green economy assessment, the use of SD facilitates the accounting of the various
benefits that can accrue over time through the implementation of GE policy interventions across
economic sectors (Probst & Bassi, 2014; UNEP, 2014).

The creation of an SD model follows an iterative five-step process (Sterman, 2000):

Problem identification

Dynamic hypotheses (system mapping)
Formal model development

Validation

Simulation of alternative scenarios

ok wnN e

These five steps are closely related to the five steps of the integrated policymaking cycle developed by
UNEP (2009), and show how SD can be used to inform various stages of the decision-making process.
Specifically, SD highlights the role of feedback loops in shaping trends and allows for the anticipation of
potential synergies and side effects. Coupled with scenario analysis, SD can be used to test exploratory
scenarios and existing policy proposals. As such, SD models do not optimize performance; instead, these
models simulate “what if” scenarios. The result is an assessment of the likely outcomes of policy
implementation (desired and undesired), which can inform the formulation of complementary policy
options for long-term sustainability.

2.2.Overview of the Green Economy model for Georgia

2.2.1. Overview of the model

The GE model developed for Georgia includes a macroeconomic module and three sectoral models — for
buildings, tourism and agriculture. These are needed to carry out in-depth assessments of sectoral
performance, and are able to generate valuable inputs for the development of green economy strategies
by sector. The macroeconomic module can test the cross-sectoral coherence of the sectoral interventions
proposed (e.g. possible side effects of sectoral interventions) and can assess the outcomes of policy
interventions at the national level (e.g. contribution to GDP and job creation).

The macroeconomic module includes several indicators, such as government accounts (primarily
revenues, expenditures and debt), household accounts (income and consumption) and a high-level
disaggregation of GDP (for agriculture, industry and services). As a result, the model can estimate the
contribution of sectoral GE policies on sectoral and national GDP, as well as on job creation, and on both
government and household accounts.
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Specifically, government accounts provide an overview of government expenditures and revenues, which
are used to determine the net operating balance (whether there will be a deficit or a surplus for a given
year) and funding available for government consumption and investments. Household accounts estimate
total household revenues and disposable income and keep track of private consumption and savings.
Projected changes in these accounts provide the basis for an assessment of the extent to which GE policy
interventions contribute to an improvement of economic performance for households. When coupled
with estimates of emissions and food security, to cite two examples, the GE model can assess how policy
affects well-being outcomes. GDP is estimated at a high level of aggregation for agriculture, industry and
services; construction and tourism are included as sub-sectors of industry and services. These sectoral
modules keep track of investments, capital accumulation, employment, and the potential impact of other
factors (e.g. energy expenditure) on productivity.

More detailed sectoral models for agriculture, buildings (construction) and tourism are fully customized
for Georgia. These sectors were chosen for their current relevance in the Georgian economy, for the
potential that GE interventions have in improving the performance of these sectors, and for their tight
interconnectedness. In fact, the building sector is a key pillar of the tourism sector. In addition, tourism,
and especially ecotourism, relies on local agricultural production, creating strong synergies with rural
areas and mountainous regions of the country. Further, specific policy interventions can be tested at the
sectoral level. The agriculture sector provides information on total land use by crop, crop yields (for
sustainable and conventional production), water requirements and use of fertilizers. Policies affecting any
of these factors can be tested with the model. The construction sector includes demand for conventional
and energy-efficient floor space, both for new construction and retrofitting. In addition, the operational
parameters of buildings (e.g. type of heating, A/C, lighting) are used to assess the GE potential of the
building sector.! The tourism sector provides information about domestic and international tourist
arrivals, value added, and employment generated by the tourism sector. It also estimates the sector’s
food demand and the number of hotels needed to accommodate incoming tourists.

2.2.2. Indicators of investment, avoided cost and added benefits

An integrated methodology assesses the outcomes of GE policy implementation on three main
components: investments, avoided costs and added benefits. The example of energy-efficient buildings,
which reduce negative impacts of human activity and improve adaptation and resilience, illustrates this
approach.

Investments

From a private sector perspective, investments refer to the monetary costs of implementing a decision.
For building operators, complying with energy efficiency standards might entail, for example, purchasing
efficient appliances. Contractors will consider the costs for energy-efficient construction, certification fees
for new buildings and auditing for existing ones. From a public sector point of view, investments refer to

1 The model for buildings was created using the Sustainable Asset Valuation (SAVi) approach developed by International Institute for Sustainable
Development (1ISD).
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the allocation and/or reallocation of financial resources with the aim of reaching a stated policy target
such as creating the enabling conditions for the investment in windows with high thermal insulation.

Avoided costs

The estimation of potential avoided costs considers the results of the successful implementation of an
investment or policy. In the case of energy efficiency in buildings, these avoided costs refer to direct
savings derived from reduced energy expenditures for heating, cooling and electricity, or to health costs
avoided as a result of reduced emissions (UNEP, 2012a).

Added benefits

Among the added benefits are the monetary value of economic, social and environmental benefits
deriving from investment or policy implementation, focusing on short-, medium- and long-term impacts
across sectors and actors. In the case of energy-efficient buildings these include job creation and premium
prices for certified buildings. These are additional benefits that would not accrue in a business as usual
scenario.
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3. SCENARIOS AND ASSUMPTIONS

This study simulates two main scenarios and analyses the results:

e A business as usual case that the continuation of historic trends, includes all policies and
interventions currently active and enforced, but excludes policies planned but not yet
implemented

e A set of green economy scenarios simulates additional interventions in the agriculture, building
and tourism sectors

The specific interventions and assumptions simulated in the GE scenarios are discussed below and in the
results section.

Agriculture
The GE scenario for agriculture assumes a transition towards the adoption of ecological agriculture
practices.

provides an overview of the model assumptions for the Green Economy scenario.

Specifically, the share of agriculture land that is sustainable is assumed to increase from 0.1 per cent in
2017 to 20 per cent in 2030. Ecological agriculture is expected to increase yield per hectare by 10 per cent
and to profit from premium prices, generating 20 per cent more added value than conventional
agriculture. Finally, the GE scenario assumes that sustainable agriculture is 10 per cent more labour-
intensive than conventional agriculture.

Table 1: Green Economy assumptions for Agriculture

Desired fraction of sustainable farmland in 2030 20%
Impact of sustainable farming on yields 10%
Additional value added of sustainable produce 20%
Additional employment from sustainable farming 10%

Buildings

The GE scenario for buildings assumes an accelerated rate of green construction for both new buildings
and retrofits. The goal is to achieve a 30 per cent green building share of the total stock by 2030.
Practically, the GE scenario assumes that demand for new buildings is going to be oriented towards green
buildings, that if this demand is not sufficient, the remodeling of buildings reaching the end of their useful
lives will follow green building standards, and that if the first two items are not sufficient to reach the
2030 target, existing buildings will be retrofitted (e.g. through the allocation of energy efficiency
incentives). Table 2 provides an overview of the model assumptions for the green economy scenario in
the building sector.

19



Table 2: Green Economy assumptions for Buildings

Desired fraction of new constructions sustainable 2010: 0%
2020: 0%
2030: 30%

Tourism

The GE scenario for the tourism sector assumes that 50 per cent of new construction in the tourism sector
will be energy-efficient and that energy-efficient hotels generate 20 per cent more added value than
conventional hotels (due to price premiums from ecotourism). In addition, the GE scenario assesses the
possibility of sourcing 50 per cent of the food to meet the tourism demand from local sustainable farms,
and estimates the resulting changes in land and labour requirements, production, and value added in the
agriculture sector. The GE scenario also assumes a doubling of the number of tourists from such markets
as the European Union, Asia, and North America between 2018 and 2025. Tourists from these markets
are expected to spend more. Finally, this scenario assumes that the average length of stay increases from
5.0 days in 2016 to 5.3 days in 2025.

Table 3 provides an overview of the model assumptions for the Green Economy scenario for the tourism
sector.

Table 3: Green Economy assumptions for Tourism

Desired fraction of new hotels sustainable from

2030 50% of new construction
Value added by green hotels 20%
Share of food for tourism sourced domestically 50%

Average length of stay

;8;2 5.0 days
5.3 days
Increase in international visitors from higher +100% by 2025

spending markets

4. ANALYSIS OF RESULTS

4.1. Macroeconomic trends

This section presents the macroeconomic analysis, shows how sectoral performance can contribute to
national development, and presents the impacts of green economy interventions on GDP, employment
and income, energy consumption, water use for domestic needs and irrigation, and carbon emissions.
Selected indicators are presented in Table 5.
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The BAU scenario projects Georgia’s population to increase slightly. By 2040, the population is expected
to be roughly 3.9 million people — a 2.5 per cent increase compared to 2016. Figure 2 shows the
development of Georgia’s population (blue line) compared to historical data (red line, which overlaps with
the blue simulation). The assumption of a stable trend for population was based on the trend of recent
years, and on the basis of the high population scenario of the UN World Population Prospects.?

Figure 2: Population
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In the BAU scenario, Georgia’s real GDP is expected to reach GEL 69.4 billion in 2040, with a real GDP per
capita of GEL 18,000 compared to GEL 9,120 in 2016 (World Bank, 2017). In the GE scenario GDP is
projected to increase to GEL 74.0 billion by 2040. The cumulative difference in GDP between the BAU and
the GE scenario totals GEL 61.7 billion by 2040. Between 2017 and 2040, Georgia’s real GDP is projected
to grow on average by 3.8 per cent and 4.0 per cent per year in the BAU and GE scenarios respectively,
but most of the gain in the GE scenario is observed between 2018 and 2030 (which are the years in which
policies are implemented). IMF forecasts a real GDP growth rate of 4.0 per cent in 2018 and 5.5 per cent
in 2022 (IMF, 2017); the GE model projects a real GDP growth rate of 4.2 per cent in 2018 and 5.2 per cent
in 2022. The contributions of GE interventions become visible in 2020 leading to reduced costs and higher
value added, with the latter in the range of 5.8 per cent above the BAU case between 2020 and 2040.

Figure 3 illustrates the development of real GDP in the BAU and GE scenarios compared to historical data
(left), and the contribution of agriculture (dark blue), industry (grey) and services (light blue) to GDP
(right).

2 Available at https://esa.un.org/unpd/wpp/ and last accessed on October 15, 2017.
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Figure 3: Real GDP and sectoral contributions to GDP
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While industry and services show projected growth, the expected decrease in the contribution of the
agriculture sector to GDP is consistent with the historical trend (World Bank, 2017), both in the BAU and
GE scenarios. The differences between the BAU and GE cases between 2020 and 2030 are primarily driven
by retrofits for buildings, which increase the contribution of the industry sector to GDP more than
agriculture and services. In fact, the policy ambition in the industrial sector is much higher in the GE case
than the scenarios simulated for agriculture and services (i.e., tourism).

Figure 4 illustrates the development of government revenues and the government net balance.
Government revenues and grants in the BAU and GE scenarios increase to respectively GEL 41.7 billion
and GEL 43.8 billion in 2040, a difference of GEL 2.1 billion. Between 2018 and 2040, government revenues
grow on average by 6.0 per cent per year in the BAU scenario, and by 6.2 per cent in the GE scenario. The
improved performance of the GE scenario is primarily driven by the higher economic growth forecast in
the GE case. As a result, the net balance in the GE scenario remains positive and is on average 3.4 per cent
higher than the BAU case between 2018 and 2040. A budget surplus in both scenarios indicates the
capacity to reduce debt and/or allocate additional investments to stimulate growth, aside from the
purchase of financial and non-financial assets.

Figure 4: Government revenues and grants and Government net balance
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Despite the positive outlook for government finances, total public debt in the BAU scenario is expected
to increase to GEL 36.6 billion in 2040, primarily due to the assumption that the government will continue
to purchase financial and non-financial assets following the trend of the last decade (roughly GEL 1.5
billion per year). In the GE scenario, public debt totals GEL 36.2 billion by 2040, which is GEL 0.4 billion
lower than in the BAU scenario. The increase in public debt in both scenarios contributes to an increase
in annual interest payments, from GEL 329.8 million in 2015 to GEL 920.4 million (BAU) and GEL 909.9
million (GE) in 2040 (using an interest rate of 2.5 per cent).

Figure 1 shows the development of total public debt and interest payments on public debt in the BAU
scenario compared to the historical figures.

Figure 1: Total public debt and Interest on public debt
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Georgia’s economic development benefits its population by generating additional labour and income. For
the period between 2018 and 2040, the GE scenario produces an unemployment rate that is 4.6 per cent
lower on average than under the BAU scenario. Figure 6 compares the unemployment rate of both
scenarios to historical data. It shows that GE interventions are forecast to reverse the BAU increase in
unemployment in 2020, but that starting in 2030 — after the end of the implementation of GE policies —
unemployment will rise (unless new interventions are planned).

Further, Figure 6 shows that real household income per capita is projected to increase from GEL 390 per
capita in 2015 to GEL 8,380 per capita (BAU) and GEL 8,800 per capita (GE) in 2040.]
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Figure 6: Employment rate and Real income per capita
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The economic development of Georgia leads to an increase in personal income and purchasing power.
Private consumption in the BAU scenario reaches GEL 103 billion by 2040. In the GE scenario, private
consumption reaches GEL 108 billion by 2040, or about 5 per cent higher than in the BAU scenario. Figure
7 shows the growth in total disposable income and total private consumption for the BAU and GE
scenarios, compared to historical data. Between 2004 and 2015, disposable income grew on average by
11.6 per cent per year, and consumption expenditures by 11.4 per cent (GEOSTAT, 2014; 2015; 2016;
2017b). Between 2016 and 2040, the annual growth rates for both total disposable household income
and consumption expenditures in the BAU and GE scenarios are projected to be 6.1 per cent and 6.3 per
cent respectively.

By 2040, disposable household income increases from GEL 27.3 billion in 2015 to GEL 128.7 billion per
year in the BAU scenario and GEL 135.2 billion in the GE scenario (GEOSTAT, 2017b).

Figure 7: Private consumption and Disposable income
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Investments

The implementation of all GE interventions requires a total investment of GEL 24.7 billion between 2018
and 2040, corresponding to 4.9 per cent of GDP between 2018 and 2030 and 2.4 per cent of GDP between
2018 and 2040.

This investment leads to value creation, with cumulative GDP being higher than the BAU case by GEL 61.7
billion. Table 4 provides an overview of the investments required for each of the sectoral GE scenarios,
and the combined implementation of GE interventions. It also provides information on avoided costs and
added benefits, and shows that the simultaneous implementation of all GE interventions leads to
outcomes that are larger than the sum of sectoral interventions, due to the effects of macroeconomic
feedback loops.

The GE scenarios change the extent to which sectors respond to investments. For instance, the target in
the GE scenario to increase sustainable buildings leads to an increase in retrofits that would occur in the
BAU case (where demolition and reconstruction are the primary drivers of the sector). In light of this, if
we were to consider only the extra cost of retrofits in the GE scenario relative to the BAU case, rather
than the full cost as shown in Table 4, the total investment in the buildings sector in retrofits would decline
to approximately GEL 3.8 billion in the buildings scenario and to GEL 3.3 billion in the combined GE
scenario. The net investment savings (or reduced investments) in these two green economy scenarios
relative to the BAU case occur in part because of the lower cost of retrofits relative to new construction.
That being said, the report presents as a main result the total investment in order to provide an idea of
the amount of funding required (from private and public sources) to implement the green economy
targets analysed.

Table 4: Summary table on Investments, avoided costs and added benefits GE scenarios

Cumulative difference in GDP GE vs. BAU M GEL 10,190.0 47,500.2 3,633.5 61,655.1
Investment
Buildings
Construction M GEL 841.5 -13,612.8 0.0 -11,499.2
Technology M GEL 355 2,020.5 0.0 2,123.8
Retrofits M GEL 98.2 30,826.3 0.0 31,333.6
Agriculture 0.0
Irrigation M GEL 47.6 0.0 2,184.4 2,231.0
Organic farming M GEL 8.7 0.0 496.0 504.6
Sum of additional investments M GEL 1,031.5 19,234.0 2,680.4 24,693.8
Avoided costs
Operating Costs M GEL -87.6 3,328.8 -36.3 3,130.9
Investments in Power Generation M GEL 80.9 489.2 0.0 535.0
Investments in Wastewater treatment M GEL 96.7 0.0 0.0 96.7
Total avoided costs M GEL 90.0 3,818.0 -36.3 3,762.7

Added benefits
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Additional labour income M GEL 5,817.9 18,000.4 4,216.6 28,519.8

Avoided social cost of carbon M GEL -14.3 522.2 7.0 505.1
Additional carbon sequestration M GEL 0.0 0.0 312.7 312.7
Social costs of emissions M GEL 20.2 -232.0 6.5 -203.5
Total added benefits M GEL  5,803.6 18,522.6 4,536.3 29,337.6
Sum avoided costs and added benefits M GEL 5,893.6 22,340.6 4,500.0 33,100.3
Net benefit of GE intervention M GEL  4,862.0 3,106.6 1,819.7 8,406.4

The building and tourism sectors require the largest share of investments to realize the energy efficiency
ambitions. Overall, a total investment of GEL 20.3 billion is required between 2020 and 2040 for these
two sectors. During the same period, GE interventions in the agriculture sector require total investments
of GEL 2.2 billion for the installation of efficient irrigation infrastructure, and 496 million to convert and
maintain 20 per cent of Georgia’s cropland under sustainable farming practices. Avoided costs and added
benefits are assessed for the period between 2020 and 2040 for all investments.

Avoided costs

The transition to more efficient technologies yields cumulative avoided costs of almost GEL 3.8 billion,
which is equivalent to savings of GEL 188 million per year. Extending the timeframe of the analysis for the
lifetime of the investments would increase this figure. Of the total avoided costs, GEL 3.1 billion are
realized from reductions in operating costs; energy efficiency measures in buildings yield cumulative
reductions of GEL 3.3 billion, equal to average savings of GEL 166.4 million per year. The use of efficient
irrigation technologies realizes additional savings of almost GEL 68.2 million by reducing energy
requirements for irrigation. However, savings in energy expenditure are cancelled out through higher
O&M costs, yielding a net saving of GEL 36.3 million over 20 years (2020-2040). The transition to more
sustainable hotels allows for downscaling wastewater treatment facilities (WWTF), which realizes GEL
96.7 million in cumulative avoided investment and O&M costs for WWTF capacity. Finally, the
implementation of energy efficiency measures through the three sectors contributes to GEL 535 million
avoided investment costs in electricity generation capacity.

Added benefits

In total, the GE interventions generate cumulative additional benefits worth GEL 29.3 billion between
2020 and 2040. The added benefits assessed for the GE interventions are the generated labour income,
and social and environmental benefits of reducing emissions from energy consumption. By 2040, the GE
interventions are projected to create an additional 113,600 jobs and generate cumulative additional
labour income of GEL 28.5 billion. While total energy demand and emissions increase in the GE scenario
due to higher GDP growth, a reduction in CO, emissions is forecast, as well as a net reduction relative to
the BAU case for the building and the agriculture (irrigation) sector. Specifically, the GE case forecasts
savings of 6.9 million tonnes of CO, until 2040, or 343,830 tonnes per year on average. This corresponds
to GEL 505.1 million cumulatively between 2020 and 2040 with a social cost of carbon at GEL 74/tonne
(US S31/tonne) (Nordhaus, 2017). Furthermore, the conversion to sustainable agriculture generates
cumulative additional benefits of GEL 312.7 million by 2040 through increased carbon absorption.
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Sustainable land-use practices increase carbon sequestration on average by 207,200 tonnes per year and
sequester an additional 4.1 million tonnes of CO; by 2040.

In addition to the financial indicators, the GE scenario yields multiple social and environmental benefits.
The transition to more efficient technologies enables Georgia to realize significant water and energy
savings. Total water consumption between 2020 and 2040 is 5.3 per cent lower compared to the BAU
scenario. Cumulative water savings total 1.2 billion m3, which is equivalent to average annual water
savings of roughly 60.3 million m3. The cumulative savings in electricity consumption from buildings total
30.3 TWh by 2040, and average 1.5 TWh over 20 years. On average, these savings represent a 6.4 per cent
reduction in annual demand from buildings. With the end of the transition in 2040, the annual energy
demand from buildings is 9.8 per cent lower than in the BAU scenario.

The return on investment in energy-efficient technologies in buildings is relatively small, due to a high
usage of inexpensive biomass for heating in rural areas. An additional analysis on the impacts of energy
efficiency improvements in buildings was conducted, based on the assumption that efficiency
improvements in buildings are predominantly implemented in urban areas. To assess the impact of energy
efficiency measures in an urban context, an energy mix of 50 per cent gas and 50 per cent electricity for
heating is assumed for both scenarios. All other assumptions remain equal.

The analysis reveals that, between 2020 and 2040, total investments of GEL 1.9 billion in energy-efficient
technologies are required to upgrade 30 per cent of the building stock. Capital investment in the
construction of buildings remains the same as in the GE building scenario (GEL 17.2 billion). Based on the
assumed energy mix for heating, the energy efficiency measures yield cumulative savings of GEL 5.9 billion
by 2040. Compared to the previous GE scenario, total cumulative investments in energy efficient
technologies are GEL 3.2 million lower, while cumulative savings in energy expenditure are GEL 816.4
million higher.
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Table 5: Summary of macroeconomic results

Population
BAU
GE
GDP
BAU
GE
GDP growth rate
BAU
GE
Government revenues
BAU
GE
Government expenditure
BAU
GE
Total public debt
BAU
GE
Unemployment rate
BAU
GE

Real household income per

capita
BAU

GE

28

People

M GEL10/Year

%

M GEL/Year

M GEL/Year

M GEL

%

GEL10/Person/
Year

3,755,604
3,755,604

27,470
27,470

4.6%
4.6%

9,369
9,369

8,925
8,925

13,114
13,114

12.2%
12.2%

3,420
3,420

3,778,661
3,778,661

34,443
34,482

5.2%
5.2%

13,524
13,539

13,043
13,058

20,368
20,368

11.5%
11.3%

4,256
4,260

3,797,600
3,797,600

40,659
43,423

3.4%
4.2%

18,070
19,278

17,526
18,718

25,100
25,051

13.8%
9.9%

4,993
5,331

3,816,635
3,816,635

50,069
54,550

4.1%
4.4%

24,842
27,038

24,204
26,370

29,452
29,283

13.3%
7.4%

6,112
6,656

3,835,765
3,835,765

59,196
62,228

3.5%
3.4%

32,459
34,107

31,716
33,341

33,311
33,028

16.4%
11.6%

7,184
7,551

3,854,991
3,854,991

69,417
72,948

3.3%
3.2%

41,699
43,805

40,828
42,905

36,584
36,169

20.8%
16.2%

8,378
8,803



4.2.Sectoral dynamics
4.2.1. Buildings

The building model estimates the energy consumption in the building sector by energy sources, the cost
of interventions and operations, and GHG emissions. It also projects life cycle emissions based on
estimates of cement and steel consumption.

The main indicators analyzed include required investments; savings on energy expenditures and avoided
costs for electricity generation and fuel imports; and added benefits such as job creation and reductions
in water use and emissions. Selected results, for key performance indicators, are presented in Table 7.

4.2.1.1. GE opportunities from the Green Growth Policy Paper

The INDC submission and the Third National Communication to the UNFCCC present the need for energy
efficiency improvements (Ministry of Environment and National Resources Protection of Georgia, 2015).
The following policy actions are the most relevant in the context of green growth:

e Reduce energy imports and increase energy independence, through both demand and supply
measures

e Improve regulatory mechanisms and optimize supply to create a business environment that
attracts direct foreign investment

e Incorporate the goal of reducing GHG emissions and other environmental impacts into the
evaluation of energy projects

Competitive energy prices are key to the energy sector’s ability to enable economic growth. In a green
economy approach, however, the emphasis shifts from price to consumption, and to the level of
expenditure resulting from consumption. In this approach, energy expenditure is a more important
indicator than energy price.

The government of Georgia has already started planning for the introduction of energy efficiency
regulations for buildings (the adoption of the Construction Code and energy performance indicators, for
example). Policies are already in place to incentivize remodeling and retrofitting efforts. When the cost of
renovation is over 25 per cent of the value of the building, the government and the municipality provide
support.
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Table 6: Assessment of selected green economy interventions in the energy sector (excerpt on energy
efficiency from the Green Growth Policy Paper)

Investment Avoided cost Added benefit

Incentives for Public incentive (G), Import of RE capacity  Improved balance of

production and purchase of (P) payments (G),

servicing machinery (P), employment creation

capacity-building (P) (H), GDP growth (P, G)

Energy Incentives for Public incentive (G), Electricity and energy  Lower emissions (G),
efficiency building retrofits purchase of products bills (H, P), cost of employment creation

and efficient or retrofits (P, H) fossil fuel use (H, P), (H), higher

appliances public generation savings/consumption

capacity (G) (H, G)

H = households; P = private sector; G = government
4.2.1.2. Simulation results: BAU

In the BAU scenario, the total demand for floor space is projected to increase by about 0.6 per cent
between 2018 and 2040 as a result of low population growth. Figure 8 illustrates the development of
demand for floor space in the BAU scenario (left), and compares the construction rate of the BAU scenario
to historical data (right). The success of the incentives provided for the renovation of buildings is evident.
In fact, despite the slow growth of total demand for floor space, total annual construction approximates
2.7 million square metres in the long run as a result of reconstruction and retrofits, with a peak in 2013 at
over 7 million square metres. Further, the projected peak is reached in 2020 as a consequence of a modest
increase in demand for energy-efficient buildings (the share is assumed to increase to 10 per cent by
2030). On average 1.5 per cent of the building stock is replaced annually in the BAU scenario.

Figure 8: Demand for floor space (left) and total construction rate (right) - BAU scenario
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After 2030, the employment generated by buildings is estimated at roughly 77,900 jobs, of which 50.7 per
cent stem from the operation of buildings (due to low construction rates). Employment from the
construction of buildings during peak construction periods can reach an employment share of 70 per cent.
Figure 9 illustrates the development of total employment from buildings and specifically for construction.
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Figure 9: Total employment and Employment from construction of buildings - BAU scenario
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The electricity demand for buildings is projected to increase slightly as a consequence of the increase in
the building stock. The total annual net demand for electricity from buildings is expected to reach 42.3
million GJ (or 11.8 TWh) by 2040. The increases in energy demand for heating are a consequence of new
construction and the switching of fuels. The development of the total electricity demand (kWh/year) and
energy demand for heating fuels (GJ) from buildings are shown in Figure 10.

Figure 10: Electricity demand and Energy demand from buildings - BAU scenario
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The energy demand for heating fuels depends in part on the share of energy-efficient buildings. In the
BAU scenario, fuel wood, gas and oil (Figure 10) are assumed to be the main heating sources, and they
increase the most as a consequence of the construction peak between 2010 and 2014. By 2040, demand
for heating fuels for buildings in the BAU scenario totals 44.7 million GJ.

By 2040, 10.6 per cent of the building stock is expected to be energy-efficient in the BAU scenario. Due to
more energy-efficient technology, the greening of the building stock causes per square metre energy
consumption to decrease from 71.2 kW per m? in 2010 to 67.3 kW per m? in 2040 (Figure 11). The water
demand from buildings hovers around 295 billion litres per year in 2040. Total per square metre electricity
consumption and water demand from buildings are displayed in Figure 11 (right).
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Figure 11: Energy consumption per m? (left) and water demand from buildings (right) - BAU scenario
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Figure 12 provides an overview of total direct CO, emissions from buildings. Annual CO; emissions from
buildings are expected to reach 8.1 million tonnes per year in 2040. The figure on the right shows CO,
emissions from electricity generation compared to heating-related CO, emissions. The BAU scenario
indicates that electricity consumption in buildings (including electricity used for heating) produces almost
three times more CO, emissions than fossil fuel use for heating.

Figure 12: Direct CO, emissions from buildings (left) and CO, emissions from buildings operations and
heating (right) - BAU scenario

direct co2 emissions from buildings Selected Variables
IMm ™
7.75M 5.25 M
g £ 35m
£ 65M g -
E
S 1.75M ////——'—/
4M 0
2000 2004 2008 2012 2016 2020 2024 2028 2032 2036 2040
2000 2004 2008 2012 2016 2020 2024 2028 2032 2036 2040 Time (Year)
Time (Year) total co2 emissions from electricity generation for operations of buildings : Georgia 22 Mar - Buildings BAU2

total co2 emissions ffom heating flom operations of buildings : Georgia 22 Mar - Buildings BAU2

direct co2 emissions from buildings : Georgia 22 Mar - Buildings BAU2

The construction rate drives the demand for construction materials. In the long run, demand for steel and
cement reaches 90,000 tonnes and 470,000 tonnes per year respectively. Figure 13 provides an overview
of the demand for cement and steel in the BAU scenario, and the emissions from the production of these

materials.
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Figure 13: Demand for cement and steel from buildings (left) and indirect CO, emissions from buildings
(right) - BAU scenario
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4.2.1.3. Simulation results: GE

The demand for living space is assumed to be equal in both scenarios. Differences in the construction rate
starting from 2020 are caused by higher ambition for sustainable buildings and by the retrofitting of old
buildings to facilitate this transition. Figure 14 compares the construction and the retrofitting rates of the
BAU scenario to the respective rates of the GE scenario. The reduced construction rate in the GE scenario
results from the high retrofitting rates.

Figure 14: Total construction and retrofitting rate and Sustainable floor space
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As a result of new sustainable construction and retrofits, the stock of efficient buildings reaches 53.7
million square metres in 2040, three times as high as in the BAU scenario (17.9 million square metres). By
2033, the share of energy-efficient buildings is projected to reach 30.1 per cent. Figure 15 compares the
development of conventional and energy-efficient building stocks in the GE and BAU scenarios.

The required additional investments for the transition to more sustainable buildings total GEL 19.2 billion
between 2020 and 2040, and include upgrades in technology such as light bulbs and appliances (GEL 2.0
billion) and the construction of new buildings and the costs of retrofitting old buildings (GEL 17.2 billion).
The estimated capital cost is primarily for retrofits rather than new construction. This is because of the
short time available to reach the stated target of sustainable buildings, which, due to limitations in the
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construction of new buildings, is satisfied primarily by retrofits. Also, it is assumed that a retrofit increases
the average lifetime of buildings, contributing to a 7.8 million square metre reduction in total construction
between 2020 and 2040. The reduction of investment in new buildings, relative to the BAU case, totals
GEL 13.0 billion (GEL -8.5 billion for conventional and GEL -4.5 billion for energy-efficient) during 2020-
2040, while cumulative investments in the retrofitting of buildings increase by GEL 30.6 billion to GEL 37.4
billion. Compared with the BAU scenario, this change represents a 5.1 per cent reduction in investments
in new constructions and a 457 per cent increase of investments in retrofits.
Figure 15: Share of green buildings (left) and development of conventional and
energy efficient buildings (right)
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Employment from the construction of buildings remains unchanged compared to the BAU scenario. In the
long run, the total number of jobs increases to roughly 91,400 jobs, which is an increase of 13,500 jobs
compared to the BAU scenario. Figure 16 illustrates the development of employment from buildings and
employment from construction of buildings in both scenarios.

Figure 16: Total employment from construction and O&M of buildings — BAU and GE scenarios
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In 2040, a higher share of energy-efficient buildings causes the annual electricity demand for buildings in
the GE scenario to be 11.7 per cent lower than in the BAU scenario. This is equivalent to annual energy
savings of approximately 5 GJ. Further, the demand of heating fuels shifts towards safer, low-carbon
energy sources. As a result of more efficient technologies, the energy demand for heating fuels in the GE
scenario totals 40.9 million GJ, which is 3.8 million GJ lower than in the BAU scenario. Figure 17 illustrates
the development of electricity and energy demand from buildings in the GE and the BAU scenarios.

34



Figure 17: Electricity demand from buildings and Energy demand for heating fuels
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The increase in green buildings reduces the electricity consumption per square metre by 7.9 kWh per year
by 2040, from 71.2 kWh in 2015 to 63.3 kWh in 2040. By 2040, the reduction in per square metre electricity
consumption and more efficient heating technologies yield savings of GEL 210.5 million in annual
operating expenditures, which represents a cost reduction of 5.7 per cent. Figure 18 illustrates the
development of per square metre electricity consumption and total energy expenditure from buildings in

the two scenarios.

Higher energy efficiency contributes to cumulative savings of GEL 3.3 billion in the operating costs of
buildings by 2040. Further, the reduced electricity consumption in the GE scenario leads to capital savings
in power generation amounting to GEL 489.2 million between 2020 and 2040 compared to the BAU

scenario.

Figure 18: Per m? energy consumption (left) and total electricity costs in buildings (right) - GE scenario
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By 2040, the increased energy efficiency in buildings contributes to a 6.4 per cent reduction in annual CO,
emissions compared to the BAU scenario. In 2040, CO, emissions from buildings are 522,500 tonnes lower
compared to the BAU scenario, yielding cumulatively around 7.4 million tonnes of CO, in avoided
emissions. In the GE scenario, annual CO; emissions from buildings range around 7.6 million tonnes per
year between 2020 and 2040, compared to 8.1 million tonnes per year in the BAU scenario. Emissions
from both heating and electricity are lower compared to the BAU scenario. By 2040, annual CO; emissions
from heating and electricity in the GE scenario are forecast to be 6.6 per cent and 6.4 per cent lower than
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in the BAU scenario. Figure 19 compares direct CO, emissions from buildings, and for heating and
electricity in the GE and BAU scenarios.

Figure 19: Direct CO, emissions from buildings (left) and CO, emissions
from operations and heating (right)
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Lower energy requirements and electricity savings reduce GHG emissions and hence the social costs of
carbon from buildings. Compared to the BAU scenario, the social costs of carbon from buildings are
approximately GEL 38.4 million lower in the 2030-2040 period, or GEL 522 million cumulatively.

Water demand from building reaches 267.6 billion litres per year in 2040, which is 9.2 per cent lower than
in the BAU scenario. Annual water savings are approximately 27.2 billion litres. The recycling rate of
construction materials increases as a result of the efficiency of buildings. In particular, the demand for
cement and steel is reduced considerably. By 2040, the average annual demand for cement and steel is
16,900 and 77,700 tonnes lower per year respectively when compared to the BAU scenario. Between 2020
and 2040, retrofits and the recycling of materials yield an avoided production of 1.4 million tonnes of
cement and 310,000 tonnes of steel. As a result of avoided cement and steel production, a cumulative
reduction of 758,000 tonnes of CO, is achieved between 2020 and 2040 in the GE case when compared
to the BAU scenario.
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Figure 20: Demand for construction materials (left) and avoided CO, emissions

from material savings (right)
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Table 2: Summary of buildings results

Real construction GDP
BAU
GE
Share of energy efficient buildings
BAU
GE
Energy consumption
BAU
GE
COz emissions from buildings
BAU
GE
Total employment
BAU
GE
Total additional investment GE vs. BAU
Energy cost savings GE vs. BAU

Avoided power generation investments GE vs. BAU
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M GEL10/Year

1,686
1,686
%
0.0%
0.0%
GJ/m?
71.2
71.2
M Tonne/Year
6.7
6.7
People/Year
102,320
102,320
M GEL/Year 0
M GEL / Year 0
M GEL 0

1,412

1,420

0.0%

0.0%

70.8

70.8

7.6

7.6

126,161
126,514
27.2

0

0.0

916

1,802

9.5%

27.4%

68.0

64.3

7.9

7.5

85,387
120,516
25,398.9
393

3411

682

610

10.6%

30.1%

67.3

63.3

8.1

7.6

71,303
64,254
18,874.3
492

489.2



Reduced social cost of carbon GE vs. BAU M GEL/Year 0 0 9 10
Reduced water use GE vs. BAU m?*/Year 0 0 24,577,802 27,217,756
Reduced cement use GE vs. BAU Tonne/Year 0 0 74,594 51,568
Reduced steel use GE vs. BAU Tonne/Year 0 0 16,210 10,202

4.2.2. Agriculture

Two of the main national goals for the agriculture sector are improved food security (including access and
affordability), and an increase in added value.

The analysis focuses on two main strategies to increase production and productivity — the improvement
of production practices that increase land productivity, and the improvement of water management to
increase the area that is irrigated.

The outputs of the model include agriculture production and land productivity, leading to an estimate of
revenues and costs of production, and finally value added and profitability (i.e., contribution to GDP). The
model also estimates production inputs to assess the sustainability of the agriculture sector. Indicators
include land and water use and the utilization of fertilizers and the resulting amount of nutrient loading
reaching watercourses. On the social side, indicators include job and income creation. Additional
indicators for the environment include carbon sequestration. Results for these indicators, for the BAU and
GE scenarios, are presented in Table 9.

4.2.2.1. GE opportunities from the Green Growth Policy Paper

The Green Growth Policy paper identifies the enabling conditions for sustainably managing the
agricultural sector on the supply side:

e Investments for technologies that make agricultural activities more resource-efficient

e Incentives for ecological farming practices that preserve soil fertility and biodiversity (e.g.
certification)

e Post-harvest storage

e Research and development on crops and farming practices

The national goals related to sustainable agriculture are presented in the report “Strategy for Agricultural
Development in Georgia 2015-2020” (Ministry of Agriculture of Georgia, 2015). Specifically, this document
highlights the need to improve infrastructure (to reach markets more quickly), to encourage climate-smart
agriculture practices, and to eliminate rural poverty through sustainable development of agriculture and
rural areas.

Table 8 presents a supply-side policy for the agriculture sector and summarizes the investments required
to implement the policies in question, the avoided costs, and the added benefits resulting from
implementation.
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Table 8: Assessment of a green economy intervention in the agriculture sector (excerpt from the Green

Growth Policy Paper)

Investment
Reducing Incentives for Training activities (G),
pressure on ecological farming Compensation for
the practices short-term

environment

(P)

H = households; P = private sector; G = government

4.2.2.2. Simulation results: BAU

productivity decline

Avoided cost

Loss of ecosystem
services (P, G), Costs
of chemical fertilizers
and pesticides (P),
Water pollution (G)

Added benefit

Employment (H),
Higher land
productivity (P),
Climate resilience (P),
Access to foreign
markets (P), Food
quality (H)

The agriculture share of real GDP is projected to reach GEL 3.5 billion in 2040, compared to GEL 2.0 billion
in 2015. Despite providing jobs for almost 40 per cent of Georgia’s population, the productivity of the

agriculture sector is expected to remain low in the BAU scenario due to the lack of investment,
unfavorable external conditions and limited mechanization (GCAD, 2015; BTI, 2016). The agriculture share
of GDP is projected to decrease from around 9 per cent in 2015 (World Bank, 2017), to approximately 5
per cent in 2040. Figure 21 shows the agriculture share of real GDP compared to its historical performance,

and the sector’s contribution to GDP over time.

Figure 21: Real GDP and Real GDP Share Agriculture - BAU scenario
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Despite its decreasing contribution to GDP, the agriculture sector continues to provide employment to
almost 40 per cent of Georgia’s population. The real GDP per person working in agriculture increases from
GEL 2,468 in 2016 to GEL 4,594 in 2040. Figure 22 illustrates the total number of jobs provided by the
agriculture sector and the real GDP per person employed in agriculture. By 2040 employment in the

agriculture sector is projected to decrease to roughly 768,000 jobs, primarily due to baseline

improvements in labour productivity.
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Figure 22: Employment in agriculture and GDP per capita agriculture - BAU scenario
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Overall, agricultural land increases in order to support a growing demand for food production. As a
consequence of slow population growth, the total amount of agriculture land is expected to increase by
roughly 84,000 hectares, or 0.1 per cent, from 2.6 million hectares in 2018 to 2.7 million hectares in 2040.
The expansion of agricultural land is mainly driven by population growth, an increasing need for
subsistence farming, and export businesses for products that enjoy an international reputation (e.g. wine).
The development of total agricultural land in the BAU scenario is depicted in Figure 23 (left). In addition,
an overview of land used for selected crops is provided (right).

Figure 23: Total Agriculture Land and Agriculture land by crop - BAU scenario

Agriculture Land total agriculture land by crop
3M 400,000
300,000
275M
£ 200,000
£ 25M
100,000
225M 0
2000 2004 2008 2012 2016 2020 2024 2028 2032 2036 2040
M Time (Year)
total agriculture land by crop[WHEAT] : Georgia 22 Mar - Agriculture BAU2
2000 2004 2008 2012 2016 2020 2024 2028 2032 2036 2040 (el el L) by G LA ety 22 (Fley - A G TR AU
. total agriculture land by crop[POTATO] : Georgia 22 Mar - Agriculture BAU2
Time (Year) total agriculture land by crop[VEGET ABLES] : Georgia 22 Mar - Agriculture BAU2
. . . al agriculture land by crop[F! : Georgi - Agicul
Agriculture Land Georgia 22 Mar - Agriculture BAU2 Lo g;xl:ﬁ: e bz gg Ggligésﬁeggéiﬂ?;;ﬂgx;ﬁsgfm
Agriculture Land : Data AB total agriculture land by crop| ] : Georgia 22 Mar - Agriculture BAU2

In the BAU scenario, the share of sustainable land use practices in 2011 was 0.1 per cent. Figure 24
illustrates the share of sustainable agriculture land over time in the BAU scenario.
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Figure 24: Share of sustainable agriculture and Sustainable production by crop - BAU scenario
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Figure 25 illustrates total agriculture production and the annual CO; absorption rate from land use
(including fallow and forest land) in the BAU scenario. Total agricultural production in the BAU scenario
totals around 1.8 million tonnes on average over the years, and is forecast to remain higher than in 2000,
partially due to the stabilization of the population trend. By 2040, the CO, stock from land use in the BAU
scenario is 505.3 million tonnes.

Figure 25: Total agriculture production and Total CO; stock from land use - BAU scenario
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4.2.2.3. Simulation results: GE

The total amount of agricultural land and the land used by crop type remain unchanged in the GE scenario
relative to the BAU case. On the other hand, in the GE scenario the share of sustainable agriculture grows
from 0.1 per cent in 2017 to 20 per cent in 2030. Figure 26 illustrates the increase in land under sustainable
farming practices (left) and the number of hectares under sustainable practices for growing wheat, maize
and potatoes (right). By 2040, the area of wheat, maize and potatoes under sustainable farming is
projected to increase to 10,350 hectares, 24,000 hectares and 4,700 hectares respectively.

The transition to more sustainable agricultural practices requires investments of GEL 496 million between
2020 and 2040, while investments in more efficient irrigation capacity during the same period total GEL
2.2 billion. Compared to the BAU scenario, the increase in sustainable agriculture land increases the
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agriculture share of real GDP by GEL 193.4 million (5.5%) in 2040. Cumulatively, the greening of the
agriculture sector generates an additional GEL 2.6 billion in real value added between 2020 and 2040.

Figure 26: Share of agriculture land and Land used for sustainable agriculture
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Total agriculture production benefits from the increase in productivity caused by the expanded use of
sustainable farming practices. By 2040, total annual agriculture production is projected to be 1.9 per cent
higher than in the BAU scenario. In addition, the higher carbon sequestration capacity of soil under
sustainable practices leads to an increase in the annual CO; absorption from land use by approximately
262,750 tonnes compared to the BAU case. The additional CO, absorption reaches 4.1 million tonnes
cumulatively in 2040. This translates to a reduction in the social cost of carbon of GEL 312.7 million, or
GEL 16.6 million per year on average. Figure 27 shows total agriculture production and annual CO,
absorption rates compared to the BAU scenario.

Figure 27: Total agriculture production and Total CO; stock from land use
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The use of drip irrigation in sustainable agriculture contributes to significant reductions in water demand.
Overall, the GE scenario yields cumulative water savings of 823.1 million m3, which represents an 8.1 per
cent reduction in water consumption for the period 2020-2040 compared to the BAU scenario. This
translates to average annual water savings of 41.1 million m3, possibly leading to the irrigation of 23,600
additional hectares in water-scarce areas.
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Figure 28: Cumulative water use from irrigation and Annual water use for irrigation
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The implementation of sustainable farming practices benefits the economic performance of the
agriculture sector. In the GE scenario, the agriculture share of real GDP by 2040 is forecast to be GEL 287.1
million higher than in the BAU scenario, representing an 8.1 per cent increase for the year 2040.
Cumulatively, agriculture GDP is forecast to be GEL 5.2 billion higher than the BAU case. The growth of
GDP translates into a 0.4 per cent increase in the share that the agriculture sector holds in total real GDP
(Figure 29). The transition contributes on average GEL 121.8 million in real value added per year between
2020 and 2040, and projects agriculture GDP to be 5 per cent higher compared to the baseline. The
transition to sustainable farming practices increases total agriculture production in 2040 by 35,700
tonnes, or roughly 2 per cent above BAU levels.

Figure 29: Real GDP and Real GDP Share Agriculture
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As a result of higher labour requirements for sustainable agriculture, the GE scenario forecasts the
creation of 17,500 additional jobs by 2040. This increases the share of employment of the agriculture
sector in total employment by only 1.1 per cent, but provides additional income for rural communities.
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Table 3: Summary of agriculture results

REAL GDP AGRICULTURE
BAU
GE

REAL GDP SHARE AGRICULTURE IN TOTAL
REAL GDP

BAU
GE
EMPLOYMENT IN AGRICULTURE
BAU
GE
SHARE OF SUSTAINABLE AGRICULTURE
BAU
GE
AVERAGE PRODUCTIVITY PER HECTARE
BAU
GE

ADDITIONAL INVESTMENT IN ORGANIC
AGRICULTURE GE VS. BAU

ADDITIONAL INVESTMENT IN IRRIGATION
TECHNOLOGIES GE VS. BAU

AVOIDED SOCIAL COST OF CARBON FROM
INCREASED CARBON UPTAKE GE VS. BAU

AVERAGE ANNUAL REDUCTION IN WATER
USE GE VS. BAU

EMISSION REDUCTIONS FROM LAND USE
CHANGE GE VS. BAU

4.2.3. Tourism

M GEL10/Year

%

People

%

Tonne/Hectare

GEL/Year

M GEL/Year

M GEL/Year

M3/Year

Tonne/Year

2,036

2,036

7.4%

7.4%

875,067

875,067

0.01%

0.1%

2.5

2.5

2,262

2,285

6.6%

6.6%

813,426

817,106

0.1%

4.6%

2.8
2.8

6,700,08
4

26

4,092,17
4

57,600

2,697

2,839

5.4%

5.7%

775,453

791,751

0.1%

20.0%

2.8
2.9

30,079,167

60.9

8.0

32,091,878

258,560

3,528

3,722

5.1%

5.3%

767,920

785,401

0.1%

20.0%

2.8
2.9

30,566,334

38.5

8.2

41,153,620

262,752

The analysis of the tourism sector focuses on the opportunities arising from greening infrastructure,

diversifying the opportunities for ecotourism and relying on local food supplies.
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The model assesses the required construction of sustainable buildings, the related job creation, and the
impact on GDP, job and income creation, costs and revenues. The environmental considerations include
wastewater and nitrogen loading, which can lead to harmful discharges in coastal areas. Key results are
presented in Table 11.

4.2.3.1. GE opportunities from the Green Growth Policy Paper

National goals relating to the sustainable management of the tourism sector are presented in the reports
“Georgia Tourism Strategy” (GoG, 2015) and “Green Georgia” (Ministry of Economy and Sustainable
Development of Georgia, 2011). These documents anticipate that ecotourism will play an increasingly
important role.

The Green Growth Policy Paper regards green growth as a way to allow the tourism sector to grow and at
the same time help several other sectors (e.g. agriculture). On the other hand, the tourism sector needs
support from other sectors: infrastructure (e.g. airports and roads), a healthy environment, a local supply
of agricultural products, reliable energy and parks. Indeed, the tourism sector can thrive only if other
sectors provide good services at affordable prices and if the environment is properly managed.

The “Georgia Tourism Strategy” (GoG, 2015) presents the guiding principles and strategic objectives that
should guide tourism development in the country for the next ten years. Specific 2025 policy objectives
are as follows:

e Increase the sector’s direct GDP contribution to the 6.7 per cent level of total GDP

e Increase average spending per visitor from GEL 785 to GEL 1,225 (US $320 to US $500)

e Increase the number of people employed in the tourism sector by 85 per cent

e Extend the average length of stay to 5.3 days

e Increase foreign direct investment in the tourism industry by 63 per cent

e Double the number of visitors from the higher spending markets of EU, Asia, and North America

Table 4: Assessment of selected green economy interventions in the tourism sector

Energy costs (P),
. . . Employment (H),
Investments in Climate resilience

Construction costs Tourist arrivals (P),

protected areas

Monitoring (G)

(G, P)

green (P), Loss of )
. frastruct (G) X . Local economic

Reduce ecological infrastructure ecosystem services stimulus (H, P)
footprint of tourism (G)
infrastructure ' ‘ Employment (H),

Increase Ecological Illegal logging (G), .

o : Recreational
network of assessment (G), Loss of biodiversity

opportunities (H, P),
Tourist arrivals (P)

H = households; P = private sector; G = government
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4.2.3.2. Simulation results: BAU

Tourism is forecast to remain an important sector for the Georgian economy in the BAU scenario. The
total number of overnight stays is projected to increase by 80.2 per cent between 2016 and 2040, mainly
driven by international arrivals for multi-day recreational travel. One-day trips to Georgia and domestic
multi-day tourism are expected to increase slightly in the future. Figure 30 shows the total number of
overnight stays (left) and the total number of tourist days by tourist group (right).

Figure 30: Total number of overnight stays and Total number of days by tourist group - BAU scenario
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Tourism GDP is projected to almost triple between 2016 and 2040 (Figure 31), driven by the increase in
tourist arrivals. In 2015 the tourism sector’s contribution to real GDP was GEL 2.2 billion, and is projected
to reach GEL 4.7 billion by 2040. Supported by the increase in tourists and value added per tourist, the
share of tourism in real GDP increases from around 5.6 per cent in 2016 to 6.7 per cent in 2040 in the BAU

scenario.

Figure 31: Tourism real GDP - BAU scenario
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Employment in the tourism sector is projected to increase from 179,100 jobs in 2014 to 561,700 jobs in
2040. Figure 32 shows total employment in tourism in the BAU scenario, and illustrates the services and
tourism shares of total employment. Figure 32 indicates that by 2040 roughly 56.2 per cent of all jobs in
the services sector are provided by tourism-related activities.
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Figure 32: Employment in tourism and Employment share of tourism and
services in total employment - BAU scenario
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Overall, Georgia’s tourism sector is forecast to provide accommodation for 64.6 million overnight stays
per year by 2040, which is almost 3.5 times what the Georgian National Tourism Administration (GNTA)
reported in 2015. The number of hotels increases as a consequence of higher demand for accommodation
from tourists. The total number of hotels increases from 1,475 in 2015 (GNTA, 2016) to roughly 4,660 in

2040.

The total crop consumption from tourism in 2016 totaled about 14,000 tonnes and is forecast to more
than double by 2040. Wastewater generation is calculated based on an estimate of UNEP (2011) and is
projected to reach around 7.7 billion litres by 2040, compared to 3.5 billion litres in 2015. Figure 33
provides an overview of the annual crop consumption from tourism (left) and the wastewater generation
from tourists (right) in the BAU scenario.

Figure 33: Total crop consumption and Wastewater from tourism - BAU scenario
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4.2.3.3. Simulation results: GE

In the GE scenario, the share of green hotels reaches 15 per cent in 2040, while total demand for floor
space increases by 1.1 million m? as a consequence of the increase in average length of stay per tourist.
This means that by 2040, a total of 2 million square metres of hotel space are projected to be energy- and
water-efficient. Figure 34 shows the projected growth of hotel space under the two scenarios.
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Figure 34: Total demand for floor space from hotels and Green hotel area compared to total hotel area
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The additional investments required to achieve higher efficiency in the GE tourism scenario total GEL 1.1
billion cumulatively by 2040. Investments in energy-efficient technologies total roughly GEL 35.5 million,
while costs for new construction and retrofits reach GEL 939.7 million. The incremental increase in
demand leads to the construction of about 1.9 million m? of energy-efficient building space, while only
88,400 m? are satisfied by retrofits. The sourcing of food locally would require cumulative investments of
GEL 56.3 million in the agriculture sector, in addition to the investments in the building sector.

As a consequence of the timing of investments in energy-efficient hotels, Georgia’s tourism sector does
not realize savings between 2030 and 2040, but incurs GEL 87.6 million in cumulative operational
expenditure. This is equivalent to average annual additional cost of GEL 8.8 million.

By 2040, the additional value added by green hotels increases real GDP from tourism by 5.8 per cent
compared to the BAU scenario, or GEL 2.3 billion cumulatively. Figure 35 shows the tourism share of real
GDP in the GE and BAU scenarios. The tourism share of real GDP in the GE scenario is forecast to reach
6.9 per cent in 2040, 0.2 per cent higher than in the BAU scenario.

Figure 35: Real Tourism GDP and Share of tourism in real GDP - GE scenario
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Employment in tourism results from the increasing construction of hotels to meet the demand for
overnight stays. By 2040, the transition to green practices generates 32,600 additional jobs, which
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increases the share of tourism-related activities in total service employment by 1.2 per cent to 57.4 per
cent in 2040. Both indicators for both scenarios are displayed in Figure 36.

Figure 36: Employment in tourism and Employment share of tourism and services in total employment
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The high efficiency of the newly constructed green hotels yields additional benefits for the hotel sector.
By 2040, the additional conversion of 2 million square metres yields annual savings of GEL 2.4 million in
hotel operating costs, which is equivalent to savings of GEL 1.2 per square metre per year for green hotels.
The green economy scenario captures an increase in total tourists, which leads to higher total operating
costs for the sector. As a result, the benefits of green hotels would be more than the GEL 1.2 per square
metre per year savings under the original assumptions. Furthermore, the reduction in energy
consumption and the shift to more sustainable and reliable heating systems contributes to emission
savings of approximately 6,300 tonnes per year by 2040 (Figure 37).

Figure 37: Total annual operation costs and Direct CO, emissions from buildings
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Between 2020 and 2040 the operating expenditures of buildings increase by a cumulative GEL 87.7 million
as a consequence of increasing tourist visits and length of stay. Net savings in operating expenditures from
buildings start accruing after 2035 and average GEL 2.3 million per year between 2036 and 2040. The
reduction in electricity consumption contributes to a reduction in total investments in power generation
capacity by GEL 80.9 million compared to the BAU scenario. Further, the reduction in total CO, emissions
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from buildings reduces the annual social costs of carbon in 2040 by GEL 460,000 compared to the BAU
scenario.

An additional benefit from green hotels is the reduction in total wastewater and in water demand as a
result of more efficient facilities. The avoided investments in wastewater treatment capacity amount to
GEL 96.7 million. In 2040, wastewater from tourism is projected to be 1.1 per cent, or 87.4 million litres
per year lower than in the BAU scenario, despite the increase in tourist days, which increases demand in
the medium and short term (Figure 38).

Figure 38: Wastewater from tourism
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The GE scenario assumes that 50 per cent of the food demand from the tourism sector will be sourced
domestically from sustainable agriculture. Meeting this demand will require an additional 4,160 hectares
of farmland by 2040 compared to the BAU scenario. Between 2030 and 2040, total additional cumulative
investments of GEL 56.3 million are required to source food from sustainable agriculture; GEL 47.6 million
are invested in irrigation infrastructure, and GEL 8.7 million for the establishment and maintenance of
sustainable agriculture land. The demand for crops from tourism and additional land requirements for
both scenarios are illustrated in Figure 39.

Figure 39: Crop consumption from tourism and Land requirements for domestic sourcing
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In 2040, the additional production in the tourism sector is projected to contribute GEL 3.4 million to the
agriculture share of real GDP. The expansion of agricultural land is projected to generate approximately
1,750 additional jobs by 2040, a 0.2 per cent increase in total agriculture employment (Figure 40).

Figure 40: Additional value added and Additional employment from sourcing food domestically
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Table 11: Summary of tourism results

TOTAL NUMBER OF TOURISTS
BAU
GE

AVERAGE VALUE ADDED PER TOURIST
BAU
GE

REAL GDP TOURISM
BAU
GE

GDO SHARE OF TOURISM IN TOTAL GDP
BAU
GE

TOURIST ACCOMMODATION CAPACITY
BAU
GE

EMPLOYMENT IN TOURISM
BAU
GE

SHARE OF ENERGY EFFICIENT HOTELS
BAU
GE

LAND FOR LOCAL FOOD PRODUCTION
BAU
GE

ADDITIONAL INVESTMENT IN ENERGY-
EFFICIENT BUILDINGS GE VS. BAU
AVOIDED ENERGY COSTS GE VS. BAU

AVOIDED SOCIAL COST OF CARBON GE VS.

BAU

ANNUAL CO2 EMISSION REDUCTION GE VS.

BAU
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16.4
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19.1
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3,224
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6.4%
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45.6
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2,216.2

2.4
125,170

6,259



5. CONCLUSIONS

The main goal for this study is to inform the preparation of a National Green Economy Strategy for
Georgia. It does so by quantifying the outcomes of selected green economy interventions identified in the
Green Growth Policy Paper, providing forecasts across sectors and economic actors, for the three
dimensions of sustainable development, and over time.

The analysis was carried out with support from the Ministry of Economy and Sustainable Development,
and through consultations with several Ministries, civil society groups and academia. This is a crucial
aspect of this study, which uses a participatory modeling approach to set the boundaries of the model
and effectively capture key indicators and feedback loops responsible for past and future sectoral and
macroeconomic performance.

The three sectors analyzed — buildings, agriculture and tourism — show that important savings and
additional benefits relative to the BAU scenario can be realized by investing in green economy
interventions. Environmental performance also improves.
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APPENDIX 1 — DOCUMENTATION OF DATA SOURCES

Macroeconomy

Table Al provides an overview of the key assumptions and variables used to set the parameters and
calibrate the macroeconomic sector of the simulation model.

Table Al: Key assumptions for the Macroeconomic sector

Nominal GDP Time series (GEOSTAT, 2017a)
(GEL 31.76 billion in 2015)

Real GDP Time series (GEOSTAT, 2017a)
(GEL 26.24 billion in 2015)

GDP growth rate Time series (GEOSTAT, 2017a)
(2.5% in 2015)

Employment by sector Time series (GEOSTAT, 2017a)

(World Bank, 2017)
GDP by sector Time series (GEOSTAT, 2017a)
GDP deflator Time series (GEOSTAT, 2017a)

Public sector

Table A2 provides an overview of the key assumptions and variables used to set the parameters and
calibrate the public sector of the simulation model.

Table A2: Key assumptions for the Macroeconomic sector

Government revenues Time series Statistical publication of SNA:
Government expenditure Time series (GEOSTAT, 2014)
Government consumption Time series (GEOSTAT, 2015)

Gov. operating balance Time series (GEOSTAT, 2017b)

Grants Time series

Subsidies and transfers Time series Supplemented by GEOSTAT

(GEOSTAT, 2017a)
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Population

Table A3 provides an overview of the key assumptions and variables used to set the parameters and

calibrate the population sector of the simulation model.

Table A3: Key assumptions for the Population sector

Population
Birth rate
Death rate

Migration
Demand for food by crop

Agriculture

Table A4 provides an overview of the key assumptions and variables used to set the parameters and

Time series

(3.7 million in 2014)
Time series

(1.6% in 2015)
Time series

(1.3% in 2015)
Time series

Time series

calibrate the agriculture sector of the simulation model.

(GEOSTAT, 2017a)

Calibration
(GEOSTAT, 2017a)

Table A4: Key assumptions for the Agriculture sector

Total agriculture land
Agriculture land by crop
Productivity per hectare by crop

Labour productivity agriculture
Irrigation efficiency

Capital cost of irrigation systems
(USD per hectare)

O&M costs of irrigation systems

Tourism

Table AS provides an overview of the key assumptions and variables used to set the parameters and

Time series

(2.5 million ha in 2015)
Time series

Time series

Time series

Flood: 25%
Sprinkler: 64%
Drip: 82%
Furrow: $208.56
Sprinkler: $556.00
Drip: $1,200.00
Furrow: $24.00
Sprinkler: $34.00
Drip: $48.00

calibrate the tourism sector of the simulation model.
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(GEOSTAT, 2017a)
(World Bank, 2017)
(GEOSTAT, 2017a)
(GEOSTAT, 2017a)
(GEOSTAT, 2017a),
(Sauer, et al., 2010)

(AgriLIFE Extension, 2011)

(FAO, 1997)



Table A5: Key assumptions for the Tourism sector

Number of domestic tourists Time series Georgia tourism in numbers
(11.9 million in 2015) (GNTA, 2014)
Number of international tourists Time series (GNTA, 2015)
(Intl. One-day: 2.2 million in 2015; (GNTA, 2016)
Intl. multi-day: 2.3 million in 2015)
Avg. length of stay per tourist Domestic: 2.2 days GNTA statistics portal
Intl. one-day: 1.0 days (GNTA, 2017)
Intl. Multi-day: 5.0 days
Number of hotels Time series
(1,475 in 2015)
Total accommodation capacity Time series
(20.6 million in 2015)
Avg. valued added per tourist Time series (GEOSTAT, 2017a)
(GEL 46.01 per person in 2015) (GNTA, 2017)
Tourism labour intensity Time series

(0.00011 Jobs/GEL in 2015)

Buildings

Table A6 provides an overview of the key assumptions and variables used to set the parameters and
calibrate the buildings sector of the simulation model.

Table A6: Key assumptions for the Building sector

Lighting requirements per m? Conventional: 15 W/m?
Efficient: 10 W/m?
Heating requirements per m? Conventional: 50 W/m? (MultiHeat, 2015)
Efficient: 40 W/m?
Length of heating period Conventional: 168 days (BRE, 2013)
Efficient: 134 days
Cooling requirements per m? Conventional: 5.0 W/m? (DoE, 2005) with calibration to
Efficient: 2.5 W/m? local data
Conventional buildings
Lighting technologies Incandescent: 100%
LED: 0%
Heating technologies Natural gas: 40%
Oil heating: 5%
Fuel wood: 50%
Wood pellets: 0%
Geothermal: 0%
Electric heating: 5%
Air conditioning technologies Inefficient: 100%
Efficient: 0%
Appliances 35 kWh/m?/year
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Efficient buildings

Lighting technologies Incandescent: 0%
LED: 100%

Heating technologies Natural gas: 60%
Oil heating: 0%
Fuel wood: 10%
Wood pellets: 30%
Geothermal: 0%

Electric heating: 0%
Inefficient: 0%
Efficient: 100%
30 kWh/m?/year

Air conditioning technologies

Appliances

Energy

Table A7 provides an overview of the key assumptions and variables used to set the parameters and
calibrate the energy sector of the simulation model.

Table A7: Key assumptions for the Energy sector

Demand for energy by source

Energy price by source
Total energy demand

Electricity generation by source

Power generation capacity

Capital cost per MW of capacity
Life cycle CO2 emissions per MWh

Pm2.5 and NOx emission factor gas
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Time series

Time series

Time series

(175,718 TJ in 2015)

Time series

(Gas: 2.38 million MWh in 2015,
Hydro: 8.45 million MWh in 2015)
Time series

(Gas: 911.2 MW in 2015
Hydro: 2,798.0 MW in 2015)

Gas: $450,000

Hydro: $2,080,000

Gas:  0.70 tonne/MWh

Hydro: 0.01 tonne/MWh

Pm2.5: 0.270 kg/MWh

NOx:  0.378 kg/MWh

GEOSTAT, 2017a)
IEA, 2017)

GEOSTAT, 2017a)
GEOSTAT, 2017a)

—_— e~ — —~

(GEOSTAT, 2017a)
(ESCO, 2017)

(GEOSTAT, 2017a)

(IEA, 2014)
(Turconi, Boldrin, & Astrup, 2013)

(CEC, 2011)



