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Presentation outline:
* LEAP modelling tool
* Characteristics
* |nterface overview
* Datainput
* Results display

e (Carnia

* Framework overview
* Scenario approach

* Energy balance and calibration
* Results visualization
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Modelling tool

Widely-used software tool for energy policy analysis, used at
many different scales ranging from cities and states to
national, regional and global applications;

Scenario-based, can track energy consumption, production,
resource extraction and GHG emissions within all economy
sectors;

Simulation and optimization for modelling electric generation
and capacity expansion planning, with least-cost approach
under user-input constraints;

Medium to long term planning tool: calculations on an annual
time-step, but allows to input profiles up to an hourly
resolution;

User-friendly graph visualization, Sankey diagrams and energy
balance tables, with various sector and fuel type resolution.
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Modelling tool

* Profiles can have various time resolution and details, since LEAP allows different combinations of
seasonal, weekday-weekend, night and day and hourly profiles;

* Can be written directly in LEAP or be imported from Excel;

[ Yearly Shape: Fotovoltaico (1/8) -
4+ 9 ‘ &k Add = Delete [f¥ Rename |HE Import {8 Export 3 Normalize §§ EraseValues & fegensrate (3 Copy Spring

Yearly Shapes A Seasons: ‘D Sort Values [ Slice Names [ Drag to Edit

— ICER T
Demanda termica residenziale sempre attiva
CHp Energy Load Shape:
FV availability 35
ldro availability
CHP Availability Biomassa =
T
DH availability J B 30
)
5
Slice Hours Value ~ s
P Primavera giono 1374 25,00 éa 20
Primavera notte 824 000 a3
Estate giorno 1340 35,00 E 15
Estate notte 913 0,00 kel
Autunno giomo 24 250 g
Autunno notte 1240 0,00 3
Invero giorno 1020 15,00 E
Inverno notte 125 0,00 w ¥
0 3
Inverno giomo Invemno nofte
B Slices 8760 Tot=10000 v
Edit hours on the General: Trme Slces screen. o Cose 7 Help

+0
ki
0

201 H @

TR Et

o X | I Yearly Shape: SystemShape (1/1) - ] X
+ 3 | b Add = Delete [ Rename ‘ 8 Import (A Expert = Mormalize $8 EraseValues & Feg
Yearly Shapes ~  []Sort Values Slice Names [] Drag to Edit
|SystemShape ) Chart |7 Table| % Notes| 8
<8
Peak Load Shape: =)
100 ﬁ
o0 é
v E 80 &
! = =
Shape Type: |Pesk Load Shape (% of pesk load) ~ L
2 2
Slice Hours Value ~ S 60
2 &
P Hours 0000 to 1000 1000 99,00 <
Hours 1000 to 2000 1000 96,50 g *° &
Hours 2000 to 3000 1000 22,50 10 [Pt
Hours 3000 to 4000 1000 55,00 o ﬁ
Hours 4000 to 5000 1000 32,50 S 20 ﬂ
Hours 5000 to 6000 1000 22,50 =
Hours 6000 to 7000 1000 17,50 g 20 =
Hours 7000 to 8000 1000 13,50
Hours 8000 to 8760 760 11,00 i
0
Hours 0000 to 1000 Hours 2000 0 3000 Hours 4000 to 5000 Hours 6000 to 7000 Hours 8000 to
9 Slices 8760 Max=99,00 «
Edit hours en the General: Time Slices screen. 7 Help

PV availability: 4 seasons and night&day profiles

Peak Load Shape: hourly aggregated into 9 slices




l l I t e ' l e B | Agenzia Per ’Energia
CENTRAL EUROPE @ A P E s

PROSPECT2030 Jrktied Modelling tool

* Multiple scenarios can be computed simultaneously, in such
way it’s possible to compare different measures and relative

effeCtS Scenarios
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LEAP allows to quickly visualize results
by plotting several parameters,
grouped by branch, fuel or scenario.

Sankey Diagram for Area “carnia UT| popolazione costante”

Scenario: Scenario intermedio, Year: 2013, Units: Million Kilowatt-Hour

Natural Gas Imports

trasformazione e distribuzione

4
generazinW
] oenorazinc.clai

generazione dilcalocd

-

N

[ Gasoline Imports
“— LPG Imports
= Qil Imports

- Solar Production

|| wood producin

[ ] diesel iompormsgenerazione

N benzina Imports
——— GPL_trasporti Imports
Metano Trasporti Imports

generazione elett:
Hydro Production

GPL_trasporti
Metano Trasporti ———

O APE

Natural Gas

Gasoline HIm

~ Wood -

acgiios )
- ‘:{Indusl_tna manifatturiera |:|

Electricity

Agenzia Per I'Energia
del Friuli Venezia Giulia
www.ape.fvg.it

Modelling tool
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Besides that, it also offers Sankey
diagrams and Energy Balance
tables that can be exported in

Excel.
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Within the framework that will bring to the publication of the Carnia Energy Plan, fundamental
milestones are:

Data gathering and compilation of the Energy Balance;

Production of an Energy Model that accurately represents the different energy sectors at the
current state of things and its calibration;

Scenarios development;

Result analysis, technical and also economic evaluation;

Action proposals within the results guidelines.
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Carnia framework

I

ENERGY SAVING
through energy saving measures

DEVELOPMENT OF RES
Increasing the presence and use of
renewable energy sources

GHG EMISSION REDUCTION
through energy saving measures and use
of RES

LOCAL DEVELOPMENT
Industrial and socio-economic growth.
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* Paper Industry and pumping stations he ;
* Methane is the largest energy vector, followed by electricity and oil products;
* Residential and transport will be the focus sectors for decarbonization.

2013 in tep by sector & fuel
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For two population development trends (constant-and-deereasing)twe-secenarios-have-beep———

developed for 2050, combining different measures at different penetration levels.

-----------------------------------------------------------------------------------------------------------------------------------

2. INTERMEDIATE 3. GREEN POLICY
o _ 40% heat-pumps
N(i efﬂuent boilers 40% biomass-fueled DH
RESIDENTIAL BUILDINGS 30% If).lo.mas.c.,-fueled DH _ _ 20% biomass efficient boilers
Remaining biomass efficient boilers 100% energy savings coating
COMMERCIAL BUILDINGS 25% NG boilers 25% NG boilers
75% DH 75% DH
TRANSPORT 65% hybrid 100% electric
35% electric
PUBLIC LIGHTING 100% LED 100% LED
INDUSTRY 2022: -25% NG consumption 2022: -25% NG consumption
Tolmezzo Paper plant Tolmezzo Paper plant
. : 10 s P

st - A ) ) '
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Considered costs:

* Fuel import costs; e

* Demand cost: technology substitution +
costs for final energy use (e.g. car,
boiler), annualized over its expected

lifetime; =
+
e Capital cost of new power plants, Fixed e GLOBAL COST
and Variable O&M; SCENARIO
+
* Externality costs: CO2 and PM10 e
emission costs.
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Energy balance and model calibration: checking that Base Year reflects actual sectorial consumptions.

Energy Balance for Area "carnia UTI FL"
Scenario: Reference, Year: 2013, Units: Million Kilowatt-Hour
Matural Gas Hydropower FRenewables Biomass Electricity Oil Products Heat Total

Production - 1.447,9 1877 311.8 - - - 18474

Imports 836,5 - - - - 398,83 - 1.2353

Exports - - - - -671,5 - - -6715

Total Primary Supply 836,5 1.447,9 1877 31,8 -671,5 3988 - 23511,2
Electricity Generation - -1.447.9 -187.7 -74.3 1.474.1 - 595 -1764
Heat Generation - - - -10,9 - - 2.2 -2.7
Distributicn -84 - - - -32.1 - -09 -11.4

Total Transformaticon -84 -1.447.9 -187,7 -85,2 1.442.0 - B67 -220,5
Residenziale 51.3 - - 2088 90,9 85,6 1.4 4380

Industria manifatturiera 448 - - 13,8 1722 3.1 - 2339
Cartiere e87.3 - - - 99,0 - - 7863

Agricolo - - - - 3.7 2.8 - 0,4

Terziario 442 - - 41 109,2 32,5 6,8 196,83

Numinazione pubblica - - - - 13,5 - - 13,5
Trasporti 0,5 - - - - 274.8 - 275,3

Stazioni di Pempaggio - - - - 282,0 - - 2820
Total Demand 8282 - - 226,6 70,5 3988 82 22322

. Unmet Requirements - - - 0.0 0.0 - -585 -58.5
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. Stazioni di Pompaggio
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: Primary fuel imports:
1  100% methane
Beco « Dominated by industrial use
Secondary fuel imports (see graphs):
* 100% oil products
* Mainly for transport sector
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[ Transformation\Heat Generation
EL’::f;’;'\“ﬁ;':’::i!“""“"“" CO2 and PM10 emissions over
Demand\Terziario
I Do i decreasing population scenarios,
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B Dot with the only remaining emissions
being industry-related.
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Demand social costs are influenced mainly by-investment.costs.on:

50

45

Million U.S. Dollars
- i N w w IS
> I S 3 & =3

v

Building coatings;
Electric vehicles;
Paper industry externalities.

Absolute values
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Green Policy

. Stazioni di Pompaggio
[ Trasporti
. Illuminazione pubblica
. Terziario
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. Industria manifatturiera
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LEAP allows to plot the comparison
between two different scenarios!
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Total social costs allow to visualize together:
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e Demand costs; * Transformation CAPEX and OPEX;
° |mport & Export costs’- ® Environmental costs.
Environmental Externalities
200 I I I B unmet Fuel Requirements
Fuel Exports
150 : 7 [l Fuel imports
- Fuel Production
w 100 -Transformation Module
g . Transformation Variable O&M
ué i | B Transformation Fixed O&M
qé- 20 i 1 | | :| Transformation Capital
E B pemand
s 0 Net Value
§
-50
-100
-150

2013 2016 2019 2022 2025 2028 2031 2034 2037 2040 2043 2046 2049
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Summarizing:

* LEAP is a powerful tool, suitable for current energy system analisys and long-term
energy planning, not intended for operational optimization;

* Allows different levels of modelling accuracy, depending also on the availability of
data;

e Scenario based, compares and combines different scenario measures, with quick
and intuitive results visualization;

* Within the Carnia Energy Plan, it allowed to simulate different development
projections and to provide useful guidelines for measures adoption.
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