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EH Circumstances determining area and character of research

Restoration of independence — necessity of planning of energy sector development,
preparation and further corrections of the National energy strategy, analysis
of rational development ways for various energy sectors and systems;

Pecularities of the Lithuanian energy sector —economic recession and declining
demand, overcapacities, preservation problems, large units and difficulties of
reservation, close interlinks with energy systems of neighbouring countries,
variety of technological solutions (CHP, HPSPP, district heating, etc.);

Forced closure of the Ignalina NPP and ideas for building new large NPP —
analysis of economic consequences, macroeconomic impact, reservation
problems, security of energy supply, trade with neighboring countries;

Broader use of renewable energy sources, distributed generation, Lithuanian
contribution to climate change mitigation — balancing of intermittent
generation, interplay with large units, role of agriculture, forestry and
transportation sector, energy efficiency (including end-use- sectors),
modelling of smart grids, etc.



HEU Area of research

grodelling and analysis of energy sector development and operation
In the region (Estonia, Latvia, Lithuania, Poland including links
with third countries);

Modelling and analysis of energy sector development and operation
of a single country (Lithuania, Latvia, Poland, Serbia, Greece,
Mongolia, Sudan, Nigeria, Egypt, Malawi, Ghana, etc);

Modelling and analysis of single energy system (Power system,
district heating system, etc.);

Modelling and analysis of a single enterprise (Refinery, system of
district heating in particular town, power plant, boiler-house);

Modelling and analysis of smart grid;
Coupling of energy models with agriculture and forestry;
Economy models and their linking with energy models;

Modelling of various operational and policy problems in energy
systems.



E” Topics presented

Incorporating land use and forestry into energy sector models;
Modelling of district heating systems;

Modelling of reserve capacities;



Incorporating land use and forestry into
energy sector models



Assessment of possible reaction
of the Lithuanian energy sector
to the changed situation
and energy policy initiatives for broader
utilisation of RES

Under contracts with Ministry of energy,
Scientific Council of Lithuania and
IAEA CLEW project;



IEH Main attitudes for analysis

Effectiveness of utilisation of each type of RES is analysed in
parallel with possible utilisation options of other energy sources,

Level of RES utilisation should meet requirements of

EU Directive 2009/28/EC, should be in correspondence

with the rational objective of the country for energy security and
commitments of the country in the field of environment
protection, etc.,

Broader utilisation of RES has to be reached on the least cost
basis,

Analysis has to take into account regional (municipality or other)
pecularities.



Agregated diagram of the mathematical model

Municipality A

Land for growing of

Technologys for gathering and

agricultural »| transportation of agricultural
products by-products
1L

Technologies for growing,

Land for growing of N . . a N
»|gathering and transportation of > . .
energy crops eNnerav crons Technologies for conversion
T gy crop of RES and distribution of
- - products >
Technologies of lumbering, D d of
Forests »| transportation of wood and emand o
electricity,
waste
heat and
Waste of cattle- A elicl
. products
ranches, industry, \ 4
sewage Technologies for handling of Technologies for production ~
Ny municipal waste of heat and electricity
Municipal waste 7 Y Y l
Other RES
(geothermal, hydro,
wind, solar, ect.)
/
N Import of other fuelsand | - — - —
energy Markeq of ¢ther fuels
<- Export of other fuels and A
energy
- = > Import of RES ~ o
Other countries R Technolo| Market of
_ gies for | products
< Exportt of RES DA Market of RES, té¢c| mologies\ converssi| from RES,
for their transporfatjon at the on of |transportati
country Igvel RES and on
municipal|technologie
L _p Import of various products waste
from RES e b-Ad]--=----- ———__Af
< - Export of various produgts— 1 - - - - _ £ _///_ ____ - ==--- _————t

from RES

Municipality Z




Characteristic of the mathematical model

Energy systems

of 60 municipalities _ _ _
Time period under analysis:

until year 2045,

5 time steps within a year,

60 types of fuels and energies,
12 types of agricultural products,

~ 8 thousand technologies and
processes,

~2 milions variables,
State market of fuels

: Few milions equations.
and energies



E” Land use

Land (fixed amount):
Used for roads,
Used by urban areas,
Occupied by forest,
Used for agricultural purposes,
Used for other things,
Not used.



EH Land used for agricultural purposes
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Fragment of the mathematical model diagram.
Simplified land balance
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EH Growing of agricultural product

Climate




Modeling of growing agricultural product
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Fragment of the mathematical model.
Growing of agricultural products
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E” Modeling of irrigation
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Growing of forest in MESSAGE terms
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Modelling of district heating systems



Strategy for development of Kaunas district heating
Under contract with JSC “Kauno energija”



EH Model of district heating system (1)

D45

D34
D16
- D05
/ I .

Various modernisation options of generation sources,

h%
¢ Renovation of buildings and consequently reduced demand,

Inkaro

Renovation of district heat supply network taking into account £<.:
R building renovation,

Revenue from sold objects.

N A e
‘ S

Pergales




Model of district heating system (2)
(Boiler-house)
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E” Operational problems and their modelling

Variety of suppliers (Heat suppliers, independent producers,
regulated, not regulated, etc.);

Regulation is imperfect (Relations between different actors is not
properly adjusted; This requires changes in legal documents);

Monthly auctions for district heat production (Does not take into
account fluctuation of heat demand, every supplier expect to produce
heat during the entire month, but this does not happen; Various
disputes, courts, etc. as a consequence);

-

Free market relations for heat production, supply of balancing
heat, providing reservation services.

Explicit modelling of heat production, supply of balancing
heat, providing reservation services.



Operation of the district heating system

Supply of balancing heat
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Modelling of reserve capacities



Development of the Lithuanian energy sector and
Investigation of economical efficiency of
the new Visaginas NPP

Preparation of updated National Energy Strategy.

(Detailed modelling of reserve capacities and
power plants with intermittent generation)



EH Stages in preparation of the National energy strategy

Scenario analysis of energy sector development and operation J

|




Structure of mathematical model of electricity and district
heating systems ST
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Nuclear unit and reserve capacity

{ Installed capacity of power plants in the isolated system L
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E” Size of nuclear unit and reserve capacity

How much rimary reserve? :
. l X Y l Depend on unit
It IS necessary secondary reserve? L

to hav

Will power system

:WI remain stable
after fallure of g

: i 1Ks,
« huclearunit? s

Where, when, how big and what kind reserve capacity should be located?

What should be structure of power plants, their load,
Import-export of electricity in order to fulfill all this?



Providing of primary reserve (Example)
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Providing of secondary reserve (Example)
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1800 Available through links due to not q duced
600 full utilization of their capacity uetorf uced export
1400 Available due\ / (" Available at
power plants
% | Required gﬁr?]tgir;]%e:t | inside control
§1ooo reserve _ HPSPP ‘ ‘ - area
800 ‘ | .[
600 -fRIECERN i i IIv T IIIIIIIIv 1‘IIIIIII' IIIl 1T ‘IIIII’IIIIIII II' il A||'
oo MHILER dHA HHWMHH\MH\H R AR AR A R <Al
RO TERE (VWM AL A e HHHHIHHH|HHHHHMH\HW il
200 @ . WL @ F B B EE .} & NEE} NENER |||“ ........
o, ARk
C R B RS 8T R R BT i e ¥ e e IS RS2 C8EEREG
Szsoshotizggs gy | Obligatoryreserve kg 2858058233883
Laikas
mmm UzZtikrinamas stabdant HAE pumpavima, MW mmm UZtikrinamas rysio linijomis sumazinant eksporta, MW
mmm UZtikrinamas rySio linijomis del nepilnos jy apkrovos, MW mmm Turimas rezervas generavimo $altiniuose, MW
— Privalomas antrinis rezervas, MW ——Pareikalaujamas antrinis rezervas, MW
32



Providing of tertiary reserve (Example)
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Model for analysis of energy
system development and in the
Baltic region



EH Structure of the multi-regional model
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policy
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Structure of the energy sector model of Lithuania
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Estonia
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Energy exchange between Baltic countries
and third countries
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Model for analysis of power
system development in the
Baltic region



Baltic power system
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. Representation of the Polish power system
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Electricity production in scenario 1
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Modelling of smart grid



SMART GRID

A vision for the future — a network
of integrated microgrids that can

Smart grid

Smart appliances
Can shut off in response (o

Demand management
frequency fluctuations. a

.\ Use can be shifted to off-
' ) peak times to 5ave money,

manitor and heal itself.

o solar panels
Ay

P

'.-‘ Diisturbance
4 inthe grid

Offices

Execute spegial protection
schemes in micraseconds.

Wind farm
Energy from small generators {:rEnt:al power
and solar panels can reduce m (ndustiial plan
overall demand on the grid, " olant

Source:



Load changes
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Coal PP

Qil PP

Big Wind PP

Small Wind PP

Electricity_Prod

Transmission grid

Electricity_Trans

Modelling of smart grid

Intermediate_4

Electricity_Distl
Electricity_Dist2
Electricity_Dist3
Intermediate_1
Intermediate_2
Intermediate_3

Conventional
distribution grid

Conventional end-use

Services_1

devices (Group_1) Fixed

load curve 1

Conventional end-use

Smart distribution grid

devices (Group_2) Fixed

Services_2

Services_3

Services_4

Services_5

Services_6

Services_7

Services_8

nl=1

12>l

load curve 2

Fixed load curve 3 (more
smooth then Ic1)

New smart end-use |
devices (Group_1)

Linked flows

L Uncontrolled flow regime
~ (maybe with some
restrictions)

New smart end-use
devices (Group_2)

Fixed load curve 4 (more
smooth then Ic2)

13>p2

n4=1

Counting of annual
demand for Group_1

p
p

Services_Demand_Grou

15>n4

Linked flows

16>15

Counting of annual
demand for Group_2

Services_Demand_Grou

Gas supply system

|
Advanc!d Srmrj

distribufion g

Other system

Uncontrolled flow regime
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Linking energy and remaining economy models



@ Structure of the energy-economy model*

Supply of energy resources

Demand for production resources

Demand for energy resources
Supply of production resources

Awouo2s Bulurewsy

*Based on principles developed by Vidas Lekavicius in his PhD thesis , http://www.lei.It/_img/_up/File/atvir/2013/Disertacijos/Lekavicius_Santrauka.pdf



EH Linking of energy and economy models*

Hybrid model

*Based on principles developed by Vidas Lekavicius in his PhD thesis , http://www.lei.It/_img/_up/File/atvir/2013/Disertacijos/Lekavicius_Santrauka.pdf



EH Information exchange between energy model and
Information block*

Information
exchange
block

Energy sector

Investme -
nts, Gas supply
O&M system
cost,
roducts |l|s | | Other
Investme energy
nts,
O&M
cost,

roducts

*Based on principles developed by Vidas Lekavicius in his PhD thesis , http://www.lei.It/_img/_up/File/atvir/2013/Disertacijos/Lekavicius_Santrauka.pdf
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