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Introduction  

The Central Asia Republics of Azerbaijan (AZJ), Kazakhstan (KZK), Turkmenistan (TKM), 

Uzbekistan (UZB)
1
 hold abundant and different energy resources, not homogeneously distributed 

within these borders, with Azerbaijan having large oil reserves, Kazakhstan having both large oil 

and coal stocks, Uzbekistan and Turkmenistan having considerable natural gas reserves. Such a 

distribution of resources in the Area opens a room for possible, advantageous, cooperation among 

the Countries both in terms of hydrocarbons export toward the rest of the world, and in terms of 

domestic energy system developments. 

In 2009, the overall production
2
 of the Area was around 145 million tonnes of crude oil against a 

consumption of 35.3 million tonnes, and around 150 billion cubic meters of natural gas against a 

consumption of 100.0 billion cubic meters, with more than 145 Mtoe delivered to the export market 

using (mainly) Russian infrastructures. Oil and gas pipeline networks were indeed designed to 

supply the central planned economy of the former Soviet Union, so that a profitable exploitation of 

the potential synergies across the four Countries is currently far from being realized.  

Making use of the TIMES model generator code [IEA-ETSAP, 2005]
3
, based on which two 

complementary sets of system elements such as the economic aspects and the technical aspects 

                                                           
1
 Kyrgyzstan and Tajikistan are not considered in the present study. 

2
 Data based on the Country specific National Energy Balance, IEA-2009 

3
 The characteristics of MARKAL-TIMES models are illustrated in dozens of publications, from 1979 [Altdorfer, et al., 

1979] to the present [Kanudia, et al., 2012] 
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(including energy, emissions and engineering) can be represented, a technical economic model of 

the whole Area was built and launched by using a mixed-integer programming solver. 

 

This is the first instance when the Caspian Region energy sector is modeled with sufficiently 

detailed representation of both supply and demand sides (bottom-up approach), and the 

technological descriptions of the existing mix of plants, demand devices, industrial chains are going 

to be further improved, nevertheless there are several energy-environmental actions that might 

started to be tested and evaluated by running the model:  

- a cooperative implementation of energy commodity inter-trade across the four Countries;  

- a cooperative approach for rationalizing the fossil fuels exports levels (quantities) of the Area as 

a whole;  

- the insertion of national-specific constraints, according to which four independent set of bounds 

could be set aiming at stressing the systems on prospects of the renewable energy usages and of 

reduction losses potentialities; 

- the insertion of a single environmental target for the whole Area, aiming at exploring the role of 

the Central Asia-Caspian region in the context of GHG reduction; no matter what are the 

emissions of the single Country, the multiregional system as a whole would be called to restrain 

the emission under some user-defined thresholds; 

- the insertion of an “open cap&trade mechanism” (assuming the at the borders of the 

multiregional system) or a “closed cap&trade mechanism” just among the four Countries. 

- the combination of environmental and energy actions or policies. 

 

The aim of the present work is to show the methodological approach, and some preliminary 

findings, of the Central-Asia-Caspian multiregional model (TIMES-CAC-4R) built for investigating 

the energy system dynamics of the whole Area and for exploring the synergies among the four 

Caspian nations in a quantitative manner, with a special focus on the development of natural gas 

and crude oil interregional trades.     
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Model structure 

In the design and preparation of the appropriate tool framework for performing such analysis, three 

main objectives have guided the modeling approach:  

1. the setup of a comprehensive structure, aiming at representing common targets, burdens, 

constraints (e.g. environmental, or technical) over the whole Area. 

2. the construction of a multiregional structure, able to endogenously trade the physical, as well as 

the virtual, commodities (e.g. GHG emission permits). 

3. the definition of “key” integer variables representing some relevant discrete investments.  

 

TIMES-CAC-4R is the multiregional model describing the Central Asian-Caspian (see Figure 1) 

energy system through the modeling of four structural-consistent and interconnected national tools
4
. 

It aims to support the energy planning both at national and at over-national (CAC) level, and to test 

hypothesis on some “key” energy-related components/technologies or to analyze the system(s) 

subject to different environmental policies, by solving a “single” decision problem through the 

appropriate optimization technique. 

 

 
Figure 1 Geographical coverage of the analysis 

 

 

                                                           
4
 Kazakhstan (KZK), Uzbekistan (UZB), Azerbaijan (AZJ), Turkmenistan (TKM).  
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Model was thought and designed as a comprehensive framework, able to simulate national and/or 

over-national constraints, in a long time horizon (until 2050) with the flexibility to also support 

analysis in a medium term (until 2020 or 2030). It also allows to increase the overall knowledge of 

the complex system under investigation through a normalization of variables, indicators, and details 

of the analysis, over all the four Countries, and to uncover the potential synergies of common 

projects, shared burdens, and international goals. 

The Central Asian-Caspian multiregional model was built joining the mono-regional models of 

Kazakhstan, Azerbaijan, Uzbekistan and Turkmenistan, and including some additional details for 

giving the tool the designed flexibility. Energy-related data concerning electricity and heat 

production (ELC), industrial chains (IND), residential/commercial/agriculture uses (RES), transport 

modes (TRA) and upstream processes (UPS) for Azerbaijan (AZJ), Uzbekistan (UZB), and 

Turkmenistan (TKM) are combined with the ones representing the KZK (Kazakhstan) system
5
. 

Figure 2 sketches the general structure of a regional energy system as designed in TIMES-CAC-4R 

(electricity and heat sub-system). In principle, each Country might be connected to all the three 

other systems for exchanging electricity, natural gas, and other energy commodities, via “bilateral” 

and “unilateral” trade processes, representing existing or future infrastructures. Such cross-borders 

interconnections allow the multiregional system to exchange flows in a fully-endogenous mode 

(although new investments in transfer capacity/activity could be banned or restricted). Moreover, 

the so called “virtual trade” of non-physical flows (e.g. CO2 permits) was modeled in order to be 

able to test the multiregional system under a “cap-and-trade” (market based) mechanism
6
.     

The key-components of the national models are the technologies for the production of primary and 

secondary commodities (supply side) together with the most representative appliances and devices 

of the demand sectors (residential, tertiary, transport, industry and agriculture) by type of energy 

service (space heating, warm water, lighting,.,.). Three additional modules were designed for 

physically linking the national energy systems to each other and to the rest of the world (ROW) 

with the aim of representing existing and/or future interconnections such as transmission lines or 

pipelines (Figure 3).   

 

 

 

 

                                                           
5
 TIMES-Kazakhstan model (The full data base of the model was developed by the team working at the NURIS-

Nazarbayev University Research and Innovation System, in Astana) 
6
 As the Emission Trading Scheme 
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Figure 2 Reference Energy System of each single Country – Electricity and heat generation and 

bilateral/unilateral trades with other Regions (R1, R2, R3).  

Key: PP, Power Plants; CHP, Combined Heat and Power; DHP, District Heating Plants; Distr., Distribution  
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Figure 3  Physical (and “virtual”) exchange flows matrixes. Key: ELC, electricity; NGA, Natural Gas; OIL, 

Crude Oil. 

 

Four “bidirectional” cross-regional trades of electricity (linear variables for the new investments) 

and three “unidirectional” cross-regional trades of natural gas and oil (integer variables for the new 

investments) were actually modeled, and additional exogenous connections to the Rest of the World 

included. 

The TIMES-CAC-4R model is launched and solved with a MILP (mixed-integer-linear 

programming) method, based on which the more suitable sizes, among the available options, of 

each cross-country infrastructure are selected (included in the solution). 

 

Model data 

Based on the previous experience and modeling structure of TIMES-Kazakhstan model, the key 

energy data
7
 were elaborated in order to set up three additional mono-regional models representing 

the electricity and heat generation, and the simplified demand sides of UZB, AZJ and TKM. Table 

1 shows the level of detail currently used in each single-region model concerning the national 

generating stock; moreover it also presents, in a quantitative way, the existing generation capacities 

(GWe), by Country and by type. The national total stock was decomposed by type (pure electrical 

“ELC” or combined heat and power “CHP”), by fuel (oil, natural gas, coal), by location or by name 
                                                           
7
 Data collection for UZB, AZJ, TKM were based on the national energy balances and on the crosschecks of local and 

international indicators and additional data for the model base year (2009). 
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(e.g. CHP in the North part of Kazakhstan, a big CHP named Nonovoyiskaya in Uzbekistan), 

according to the most appropriate and useful aggregation.        

Country Process (Plant) Fuel Stock (GWe) 

       

KZK ELC: Existing OIL-based capacity Oil products 0.31 

KZK ELC: Existing GAS-based capacity Natural gas 0.92 

KZK ELC: Existing COAL1-based capacity Coal 2.10 

KZK ELC: Existing COAL2-based capacity Coal 4.00 

KZK ELC: Existing COAL3-based capacity Coal 1.00 

KZK ELC: Existing COAL4-based capacity Coal 0.08 

KZK ELC: Existing HYDRO-based capacity Hydro 2.23 

KZK CHP: Existing GAS-based capacity Natural gas 0.64 

KZK CHP: Existing COAL1-NO-based capacity Coal 0.93 

KZK CHP: Existing COAL2-WE-based capacity Coal 0.00 

KZK CHP: Existing CAOL3-EA-based capacity Coal 0.35 

KZK CHP: Existing CAOL4-SO-based capacity Coal 0.85 

KZK CHP: Existing CAOL5-CE-based capacity Coal 2.05 

       

UZB ELC: Syrdarinskaya   Natural gas 3.00 

UZB ELC:Novo-Angrenskaya  Natural gas 2.10 

UZB ELC: Tashkentskaya   Natural gas 1.86 

UZB ELC: Existing HYDRO-based capacity Hydro 1.83 

UZB CHP: Nonovoyiskaya   Natural gas 1.25 

UZB CHP: Existing 02   Natural gas 2.07 

UZB CHP: Existing 03   Natural gas 0.38 

       

AZJ ELC: Existing GAS-based capacity Natural gas 3.05 

AZJ ELC: Existing HYDRO-based capacity Hydro 1.06 

AZJ ELC: Existing WIND-based capacity Wind 0.001 

AZJ CHP: Existing GAS-based capacity Natural gas 2.03 

AZJ CHP: Existing OIL-based capacity Oil products 0.17 

    

TKM CHP: Existing GAS-based capacity Natural gas 4.5 
 

Table 1 Generation capacity of KZK, UZB, AZJ, TKM and details of modeling 

Furthermore, Figure 4 shows the electricity final consumption by Country, and the split, by end-use, 

currently in use in the model for the residential and commercial sectors. Existing cross-border 

exchange capacities of electricity (three lines for a total average capacity of 1.1 GW, bidirectional) 

and natural gas (0.6944 bcm/y) from Uzbekistan to Kazakhstan were included in the representation 

of the base-year multiregional energy system, while investments in new trade-capacities were 

allowed starting from 2015.     
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Furthermore, Figure 4 Electricity consumptions by sector and service - comparison among Countries; 

existing cross-border exchange capacities.   

 

Such tools are “demand-driven”, therefore all the energy services demands (Country by Country) 

were projected over the time horizon based on regional specific demographic dynamics, or national 

economic foresights. A preliminary analysis of the Country-specific dynamics of the macro-drivers 

(GDP, POP, GDPP) was prepared, and used for the first runs. Below, Table 2 lists the numerical 

information of the main drivers currently in use
8
 in the Reference-Demand cases, and Figure 5 

shows some key results of the Reference scenario
9
, such as the total final consumptions (by sector), 

and the crude oil and natural gas-specific details, with the aim to highlight the outlook of the 

domestic final uses, and the resulting huge potentials for the exports in the medium term. Oil and 

gas consumptions are in fact expected to rise (there is a factor 1.5 for gas and a factor 1.7 for crude 

oil between 2030 and the base year), but with the projected growth in productions the Area is 

candidate to become a “key player” in the fossil fuels export during the next decades.  

 

                                                           
8
 Demand elasticities to the drivers were considered equal for all the four Regions (4R) of the multiregional model, and 

inherited by the case of Kazakhstan. 
9
 No environmental constraints in the Reference scenario. 
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Region Driver 2009 2010 2015 2020 2025 2030 2040 2050 

          
KZK GDP 1.00 1.06 1.42 1.90 2.42 3.09 4.58 6.15 
KZK GDPP 1.00 1.04 1.30 1.61 1.96 2.38 3.18 3.87 
KZK POP 1.00 1.02 1.09 1.18 1.24 1.30 1.44 1.59 
          
AZJ GDP 1.00 1.06 1.42 1.90 2.42 3.09 4.58 6.15 
AZJ GDPP 1.00 1.04 1.30 1.61 1.96 2.38 3.18 3.87 
AZJ POP 1.00 1.02 1.09 1.18 1.24 1.30 1.44 1.59 
          
UZB GDP 1.00 1.06 1.42 1.90 2.42 3.09 4.58 6.15 
UZB GDPP 1.00 1.04 1.30 1.61 1.96 2.38 3.18 3.87 
UZB POP 1.00 1.02 1.09 1.18 1.24 1.30 1.44 1.59 
          
TKM GDP 1.00 1.06 1.42 1.90 2.42 3.09 4.58 6.15 
TKM GDPP 1.00 1.04 1.30 1.61 1.96 2.38 3.18 3.87 
TKM POP 1.00 1.02 1.09 1.18 1.24 1.30 1.44 1.59 

 

Table 2 Demand drivers growth rates: multiplier factors of the base year 

Key: GDP, Gross Domestic Product; GDPP, Gross Domestic Product per Capita; POP, Population. 
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Figure 5  Electricity consumptions by sector and service - comparison among Countries; existing cross-

border exchange capacities.   

 

Opportunities and scenarios  

The increase of domestic consumptions, the need of replacement/rehabilitation of the existing 

generation capacity, and of strategic investments in new generation/transmission/distribution 

projects, as well as the environmental concerns, are becoming key issues in the economic 

development of the whole Area and in the energy planning of these Countries.  

The removal of the present technical (lack of cross-border infrastructures, lack of a common 

standards for the energy system analyses and comparisons) and political (internal policies 

prioritizing the use of domestic resources) barriers, to the energy cooperation in the Central Asian 

Caspian Area, can be investigated and assessed through the Central-Asia-Caspian multiregional 

model (TIMES-CAC-4R), aiming to test the benefits of building new trade infrastructures, within 

the Area as well as connecting the rest of the world, ensuring that demands for energy are always 

met and surplus traded optimally.  

Three alternative scenarios, exploring an East-oriented, a West-Mediterranean-oriented and a West-

Russian oriented fossil fuels export, have been recently prepared and run based on the idea of 

testing the CAC system subject to the goals of increasing the export of crude oil (up to 50 additional 

Mt compared to the base year) and natural gas (up to 42 additional Bcm compared to the base year) 

by 2030.  

The full analysis of such scenarios is still ongoing, and additional sensitivity tests are going to be 

prepared, exploring different socio-demographic and economic developments (POP, GDP, 

elasticities) subject to relevant national policies (GHG reduction targets and mechanisms), and 

different levels of cooperation/integration of the four national energy systems (exchange 

constraints). The complete set of scenarios will provide more robust (quantitative) indications about 

the medium-long term evolution of the energy systems and the potential of their synergies. 
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