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Basic Model Structure

“*The model is a Linear Programming optimisation model based on a activity
analysis framework

**Model maximises the sum of discounted value of the stream of consumption
values over a time period of 50 years subject to a set of constraints

* Macro-economic relationships,
* technological feasibilities and potentials and
* monotonicity constraints

“*The economic relationships between sectors are modelled based on the Social
Accounting (SAM) of 201 1-12 for Bangladesh obtained from GTAP databse.

**The model is solved simultaneously for all years from 2007-2050
¢ The model incorporates changing demand pattern with changing incomes

“*The income distribution is endogenously determined
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* Discounted value of Private consumption
over T periods
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Constraints Imposed on the model solution

*Commodity balance

“*Investment Savings Balance

“*Balance of Payments

“*Capacity Limits

‘*Resource availability

“*Capacity creation

“*Net Foreign Capital Inflow

“*Consumption monotonicity

*Upper & Lower bounds on Exports / Imports

“*Household demand structure — expenditure elasticity based
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Economic Linkages in the Model
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Supply Side of the Economy

* The 57 x 57 sector SAM is aggregated to 9 X 9 sector SAM and included in the Model.

The sectors considered in the SAM are
* Agriculture:

Manufacturing:
Coal

Crude Oil
Petroleum Products
Gas

Electricity
Transport

Other Services

The Electricity sector is disaggregated into 1| power generation technologies.

The availability of goods in the economy is obtained either through domestic production or imports
from outside.

Imports of goods and services in the economy are constrained to grow within bounds that are specified
as ratios of Availability (Production + imports)
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Demand Side of the Economy

Demand in the Economy is composed of
* Private household consumer demand
* Government consumption demand

Intermediate demand

Investment demand

Export demand
Commodity wise consumption is projected on the basis of expenditure elasticities.
Government consumption is exogenously specified in the model.

Intermediate demand in each sector is obtained as a function of production levels
using the |O coefficients from the SAM.

Exports are specified to grow within upper/lower bounds that are specified as ratios
of domestic production.

Investment demand is obtained through a set of behavioural equations and macro
economic identities
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* The model is a macro model covers the whole economy
* Bottom up - top down model

* Multi sectoral inter temporal optimization model

* 9 commodities - more can be added

* 20 activities — new activities can be included. Specific technologies can be
assessed.

* Endogenous GDP, production, consumption, Investment and demand.
Feedback / rebound effect captured.

Optimal strategy to reach a goal/ target.

Inter sectoral consistency.

* Can asses impacts on poor.

* Investment/ Consumption / Capacity consistency.

* Welfare impacts of various policies.
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2011
2020
2025
2030
2035
2040
2045
2050

* Population UN Medium Variant

153
170
178
185
191
196
200
202
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Consumer Elasticities

Agriculture 0.82
Manufacturing 0.81
Coal

Crude Oil 1.07
Petroleum Products 1.07
Gas 0.96
Electricity 0.96
Transport 1.07
Other Services 1.42

Expenditure elasticities computed from GTAP database for Bangladesh SAM 2011-12
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Productivity and Efficiency of the economy

TFPG Power 0%
Rest of the economy 1%
AEEIl for non-power |Electricity 0.5% per year
sectors
AEEI for power sectors |Electricity Reduction in auxiliary consumption and

transmission and distribution losses is
assumed in consistency with the Answer
Times Technology Model for
Bangladesh




SA R I/ E I messssn |ntegrated Research and
S IRADe Action for Development

Natural resource availability and Extraction rates

Natural Resource Resource Growth Extraction rate

(Production to
Reserves ratio)”
Coal 0.002 0.01

Gas 0.01 0.15

* The extraction rate for coal is increased to 0.015 in the PSMP scenario




Sl FROM THE AMERICAN PEOPLE

S>ectoral Classifications

s [ntegrated Research and
IRADe Action for Development

Commodity Name
Agriculture

Production Activity Name

Agriculture

Manufacturing

Manufacturing

Coal

Gas and water supply

Crude Oil

Crude Oil

Petroleum Products

Petroleum Products

Gas

Gas

Transport

Transport

Other Services

Other services

Electricity

Gas OC

Gas CC

Diesel

Sub Critical Coal

Hydro

Super Critical Coal

Ultra-Super Critical Coal

Solar

Wind

Biomass

Nuclear
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Parameter Assumption

Maximum growth rate of per capita consumption 8%

Government consumption growth rate 6%
Marginal savings rate 25%
Discount rate 4%

Post-terminal growth rate 3%
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Trade, Exports and Imports Assumptions
Commaodity Export  Upper Import Upper Import Lower

Bound Bound Bound
1 Agriculture 10 20 0
2 Manufacturing 40 10 0
3 Coal 0 60 0
4 Crude Ol 2 100 70
5 Petroleum Products 10 90 10
6 Gas 0.6 95 0
7 Electricity NA NA NA
8 Transport 15 6 0
9 Other Services 20 10 0

*The upper bound for Coal import is increased to 90% in the PSMP scenario
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Electricity Demand intensity and elasticity

Demand Intensity Electricity elasticity of GDP
0.280 1.200
0.270 1.000
o 0.260
5 0.250 0.800
S 0.240 0.600
3 0.230 II I 0.400
0.220
0.210 0.200
0.200 0.000
2015 2020 2030 2040 2014 2019 2029 2039
B RT EFT = PSMP B RT EFT = PSMP

» On an average Electricity demand elasticity was projected by the model at 0.92 in RT, 0.87 in
FT and 0.91 in PSMP scenario for the period 20015-2040
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Coal Production Coal Imports
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» Coal production in the economy increases in all scenarios. It is highest in RT scenario reduces in FT due to electricity
trade.

» Coal production grows at a CAGR of 15%, 12% and 14% from 2015 to 2030 in the RT, FT and PSMP scenario. The CAGR
for 2015 to 2050 was 11%, 8% and 11% for RT, FT and PSMP scenarios
» Coal imports increase in RT and PSMP however are wiped out in FT.
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Gas Production Gas imports
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» Gas production decreases over time in all scenarios at a average CAGR of 4.6, 0.6 and 1.16% from2015 to 2030. this
rate of decrease slows down to 1.9, 2.7 and 3.11% from 2015 to 2040.
» Gas production is higher and imports are lower in Free Trade than RT.
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Crude Oil production Crude Oil imports
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» Since Crude oil is produced in Bangladesh as a by product of Gas production hence the directional impact is
same as Gas
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Petroleum Products

Petroleum Production Petroleum imports
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» Petroleum production levels are not much impacted across scenario except for PSMP in 2040

» Production decreases from 2015 to 2030 at a CAGR of 3.8%. The production increases however in 2040 to support
additional fuel needs despite imports

» Imports increase over time across scenarios

» FT marginally reduces demand for petroleum products and PSMP increases it marginally



Agos‘AYEs‘c‘
5 o)
o 5 U s A I D s ARI/ E I s [ntegrated Research and
"".,,% &/ FROM THE AMERICAN PEOPLE IRADe Action for Development

GDP Cumulated GDP
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> GDP decreases in FT compared to RT and is almost the same in PSMP.
» However the reduction is small resulting from restructuring of the economy due to trade
> GDP grows at a rate of 4.3 for 2015-2030 and 4.9% for 2015-2040 roughly across scenarios
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% Structural Impact

RT FT FT/RT

2011 2030 2050 2030 2050 2030 2050
Agriculture 17421 39912 153728 40236 154814 1.01 1.01
Manufacturing 30982 62350 230402 61852 225927 0.99 0.98
Coal 3.1 23.9 38 16.1 36.3 0.67 0.96
CrudeOil -0.6 -0.2 -0.1 -04 -0.1 2.00 1.00
PetroleumProducts -380 -163 -405 -166 -417 1.02 1.03
Gas 5362 2139 1170 3967 1420 1.85 1.21
ElecGasOC 821 2.1 63.7 0.1 0.1 0.05 0.00
Transport 12983 30128 131245 30803 135309 1.02 1.03
OtherServices 38934 139766 463407 133807 474026 0.96 1.02
ElecGasCC 760 3087 21446 1806 0.1 0.58 0.00
ElecDiesel 230 11 0 10 0 0.89
ElecSubCriticCoal 166 396 0 368 0 0.93
ElecHydro 138 276 286 276 284 1.00 0.99
ElecSuperCriticCoal 0.8 0.1 0.1 0.1 0.1 1.00 1.00
ElecUltraSuperCritic 0.8 845 5390 0.1 0.1 0.00 0.00
ElecSolar 0.9 156 161 156 160 1.00 1.00
ElecWind 0.9 437 452 436 449 1.00 0.99
ElecBiomass 0.9 48 49 48 49 1.00 0.99
ElecNuclear 0.9 4182 8620 2689 2742 0.64 0.32
ElecDual 0.4 0.1 0.1 0.1 0.1 1.00 1.00
Total 107424 283595 1016052 276303 994801 0.97 0.98
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Investment
Gross Annual Investment Cumulated Investment
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» Total Investment reduces due to trade in FT scenario however this decrease is much more than the decrease in GDP

» The economy restructures by importing electricity cheaply and re directing the investments from the inefficient power
sector to more efficient sectors like Gas, Crude, Transport, Services etc.

» Total Investment increases in the PSMP scenario on account of forced choice of fuel diversification compared to least
cost Coal option



JTATE:
5‘&95 S‘%’m
" U A I D SARI / EI mn Integrated Research and
@ & B
CuIFS FROM THE AMERICAN PEOPLE IRADe Action for Development
AL D

Consumption
Per Capita Total Consumption Cumulated Total Consumption
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» FT results in consumption gain. Cumulated Consumption is 5 billion USS in 2030 and by 98 billion USS in 2040

» PSMP results in consumption gain. Cumulated Consumption is 1 billion USS in 2030 and by 33 billion USS in 2040

» The private household gains through higher consumption of electricity and at lower prices.

» PC grows at a CAGR of 2% in RT, by 2.24% in FT and by 2.15% in PSMP scenarios and from 2015-2030. The growth
rate increases to 4.1% for RT, 4.2% for PSMP and to 4.26% for FT in 2040
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