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HEALTH EFFECTS (WHO, 2014)

. OACH
Introduction (aa‘eg
Coal use by households

Kazakhstan takes 4t" place in the world with its per capita residential
coal consumption.

40% of households in Kazakhstan use coal (mainly in rural areas).

Mostly burned in the hand-made inefficient stoves.

Large territory, low population density
High demand for heating
* Heating-Degree-Days/year 4000-7000 °C

Lung cancer

Respiratory effects

Developmental and reproductive effects
Acute CO poisoning and other Solid fuel-fired stove in Kazakhstan (Taraz)
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The highest number of households (2,636) use central heating and network gas,

mainly in urban areas.

The second most popular combination is coal, LPG and firewood (FW), used mainly by
rural households having no access to gas or district heating.




Modelling tool — TIMES/MARKAL %b

TIMES is a technology rich, bottom-up model generator, which uses linear-
programming to produce a least-cost energy system, optimized according to a number
of user constraints, over medium to long-term time horizons.

OPTIMISATION PROGRAM

Min C*X (1) (1) Is the total NPV of system cost
Subject to: (2) Is a larger set of technical and policy constraints
A*Xsb (2) (3) Is a set of service demand satisfaction constraints

*
E*X 2 dem (3) Solved by Linear Programming

The objective function is to minimize the total cost of the system:

» Capital Costs incurred for investing into and/or dismantling processes;

* Fixed and variable Operation and Maintenance (O&M) Costs;

* Costs incurred for exogenous imports and for domestic resource production;

* Revenues from exogenous exports;

* Delivery costs for required commodities consumed by processes;

* Taxes and subsidies associated with commodity flows and process activities or
investments;

Loulou et al. (2005) 4



Q‘ 1
Decision variables @a\qé

NCAP(r,v,p): new capacity addition (investment) for process : PJ/y and GW.

CAP(r,v,t,p): total installed capacity of process : PJ/y and GW. CAPT(rt,p): total
installed capacity of process (all vintages together).

ACT(r,v,t,p,s): activity level of process: PJ for all energy technologies.

FLOW(r,v,t,p,c,s): the quantity of commodity consumed or produced by process: P
for all energy technologies.

SIN(r,v,t,p,c,s)/SOUT(r,v,t,p,c,s): the quantity of commodity stored or discharged by
storage process.

TRADE(r,t,p,c,s,imp) and TRADE(rt,p,c,s,exp): quantity of commodity sold (exp) or
purchased (imp) through export (resp. import) process : PJ/y Bi-lateral trading, Multi-
lateral trading, Exogenous trading.

D(r,t,d): demand for end-use energy service.

Other variables: Commodity related variables convenient for reporting purposes
and/or for applying certain bounds: the total amount produced of a commodity

(COMPRD), or the total amount consumed of a commodity (COMCON).

Loulou et al. (2005) 5
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Retference energy system (simplified) g

3
Loulou et al. (2005) S End-use s o
LG i o~ e
e F 5 FE5 . oo F sectors F o
& i S Fo s d I § §
F & = Conversion ~ SE
o o @ £ T i i
Primary F FF s £ sector | Residential |
energy S TP o0F e | Gas heating |
supply I Coal processing I I Qil heating I
- [ 1 I Elc. heating I
Lignite rezources | Refinery [
I Local heat grid I
I@ I Gas processing I I Gas water baoiler I
| Elc. water boiler |
Oil import : . ' ' '
Elec sector | !
I o 1 | Elc. heat pump |
1 oal cond. PP |
Coal resources 11‘,“ o
: | Lignite cond. PP | s F
Coal import & .{5% =
| | o &
Coal IGCC PP - i
' | Commercial |& & &
D i Gas CC PP E I Room heat boilers I
a5 resources
< 1 I Wind converter I I Process heat bnilersl
Zas impaort
I Warm water boilers I
CHP sector N
[ ; | ]
Coal CHP =
' Indust
Residual wood I Coal CHP | T w 1
| 0a | Industrial boilers |
[ = I
Gas CC CHP
Area PV, I : I Transport —5:? .§
Solarthermal, | Biomass CC CHP | I .Fl | 1
Energy crops | Gasoil car I
— I Gasoline car I
I LH2 car I
Electrolysis L I 1
1 l Busses [ =
; _ Liguefication &;
| MUCKS |




Residential sector representation in the model @

%
Demand for heating is represented
as surface area (m2) to be heated
Dist. Space heating (SH)
heating .| pipelines Water heating (WH)
Heat plant o Heat exchanger Flat urban
Gas hISt.'
N eating | glec. lines SH, WH
- Electric heaters > >
Oil products ﬁw& , Detached urban
i
SH
Wood transport % Flat rural
Electricity WH
Water heater e Detached rural

Cooking
Refrigerators

Coal

Gas

—

N
”~

] Lighting
Heating need TJ/1000m? by flat/detached, urban/rural was estimated Dishwashing
externally using U values and geometrical analysis (building energy audit Clothes drying

reports) Other electric

. _ o ) appliances
Technical and economic characteristics of energy conservation measures

were represented: windows replacement, wall insulation, floor insulation,
replacement of doors

New technology options were described: heat pumps, solar water heaters,
micro-CHP, etc. 7]



Scenario
name

Scenarios 5
G

Definition

Bal Least cost solution for the system. No constraints on the use of
coal use, no subsidies for cleaner technologies.
BAN Phase out of coal use in the residential sector (40% reduction of
coal use by 2020% and 100% reduction by 2030 compared to
the level of 2011).
BAN+ - Subsidies on the capacity for cleaner alternatives: micro-CHP
Susbidies (biogas, biomass, natural gas), heat pumps and solar space
heaters in the amount of 70% of the investment cost.
- Subsidies for the retrofit measures (50% of the cost): wall,
roof, floor, loft, door, windows.
BAN The same as in “BAN+subsidies” scenario, but construction of
(NO GAS) new network gas pipeline to the northern and central

Kazakhstan is not allowed. 3
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In the Business as Usual scenario coal continue to dominate in the residential
energy consumption.



Comparing BaU with alternative scenarios
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In the scenario with coal ban, it is substituted by natural gas, district heating,
biomass and electricity
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. Q. ’
Useful energy saving from retrofit measures @-‘GQ
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Up to 73% of useful energy demand satisfied by retrofit measures for rural detached
houses

Significant impact from subsidies to retrofit measures

Less savings for flat urban (up to 20%)
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Useful energy by technology for rural detached houses (regions with no
network gas), TJ
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Fuel mix in coal ban scenarios strongly depend on gas network

Gas is still more viable compared to subsidized technologies (when there is not constraint
on network expansion)

Without gas network extension, heat pumps, electric heaters and district heating satisfy
energy demand 12
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Reduction of pollutant emissions @:GQ

Emissions reduction in alternative scenarios compared to BaU,
tons (Residential + power)

0 -

-10

-20 M Nox

mPM2.5
I Sox

-30
-40

-50

-60

-70

-80

Reductions of emissions of PM2.5 and SOx in coal ban scenarios

Even if household coal combustion is replaced by district heating generated at coal
heat plants, there are significant emissions reduction due to higher efficiency of
combustion (and even more with pollutant control at power stations)
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Conclusions T

The impact of coal ban on the fuel mix of the residential sector was studied
with sub-nationally disaggregated 16 regions model of Kazakhstan.

TIMES-based model represents all the steps of the energy chain, region by
region: from the extraction to transformation, distribution and end-use.

In the scenario with coal ban, it is substituted by natural gas, district
heating, biomass, electricity.

Additional infrastructure for network gas and district heating system is built.
With subsidies offered, more retrofit measures.

Significant reductions of emissions of PM2.5 and SOx in coal ban scenarios,
even with additional emissions generated in the supply side (e.g. coal based
heating plants).

In the residential sector PM2.5, NOx, CO, CH4, CO2 reduce by 72%, 35%,
83%, 71% and 22% respectively in BAN (with subsidies) compared to BaU
scenario.

T
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List of contraints 8‘5\%

Capacity transfer: The total available capacity is equal to the sum of investments at past and
current periods plus capacity in place prior to the horizon

Activity definition: Equates an overall activity variable with the appropriate set of flow
variables, properly weighted

Use of capacity: The activity of the technology may not exceed its available capacity, as
specified by a user defined availability factor.

Commodity Balance: The disposition (consumption plus exports) of each commodity balances
its procurement (production plus imports).

Efficiency definition: The ratio of the sum of some of its output flows to the sum of some of its
input flows is equal to a constant (efficiency).

Flow share: Limit the flexibility, by constraining the share of each flow within its own group.

Peak: There must be enough installed capacity to exceed the required capacity in the season
with largest demand for commodity by a safety factor (peak reserve).

User constraints: impose annual or cumulative bounds on commodities (emissions or reserves
of fossil fuels), limit the share of processes in the total production of commodity; limit
investment in a process (nuclear capacity), dictate a % of a fuel for electricity generation
(renewable sources).

Constraints for refineries 17



