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TIMES Reference Energy System (simplified)
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Top down models
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Linking examples
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Linking examples
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Linking examples

= Economic drivers (GDP, sector = Energy services (materials,
production, private consumption...) . [ Demand \ mobility) demand

"\ Generator }
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Common scenario assumptions

- Fossil Fuel Import prices
- Discount rate

- Energy constraints

- Policy assumptions

Step IV D —— Step Il
= - Energy Link |«
= Energy Consumption in monetary units } * Energy Consumption in physical units

= Energy prices evolution = Energy prices

= Technical Progress on Energy = Policy monetary values (CO: price,
= Policy monetary values (CO; price, energy energy subsidies, energy taxes...)
subsidies, energy taxes...)

TIMES i GEM-E3 (Fortes et.al., 2014)
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Investments in each sector,Total investments
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_inking examples

Linked models From macroeconomic | From energy systems Link type
model model
MARKAL- Energ-m Energy costs Hard
MACRO (1992)
MARKAL-MSG Useful energ Soft
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MARKAL-MSG or energy Soft
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Initial electricity
MARKAL-MSG Technology choices. Soft
(2012) consumption quantities
Tax increase giving
higher present value of
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allocated to sectors in
MSG.
MESSAGE- Energ Prices (total and Soft
MACRO (1996) marginal) -> quadratic
demand functions
MESSAGE- urves for Energy shadow prices Hard
MACRO (2000) cle anid non-electric | Energy demand
energy Total energy system cost
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Data sources and preprocessing A SAM

National accounts
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Analysis project
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Preprocessing
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Distribute to regions
Calculate regional
trade flows

}

Monetary flows Regional SAM,
tradeflows
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Data sources and preprocessing A SAM
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Data source T national energy balance
Energy balance, 2015

Natural gas
A 49.6%

[ Crude oil

M 37.3%

Hydroelectric

‘ﬁ, and wind
energy
5.9% /

Other

7.2%

including

NGL 4.2%
condensate 1.9%
biofuel

and waste 0.7%
coal 0.4%

Primary energy production —>

Primary energy products are extracted
or obtained directly from the
environment and have not been
transformed from other energy sources

2398 TWh

9 TWh

The energy balance shows the energy flows that appear
within the national territory

Supply —»  Net domestic energy consumption By user group
i - _ e S Manufacturing, mining
Total energy supply Met dormestic energy consumption mainly and quarrying
ncludes the consumption of secondary energy
products as well as end use of biofuels, natural 66 TWh “
gas, coal and NGL/ethane (- 0.5% since 2014}

Incl. raw materials

334 TWh 236 TWh

37 TWh

International bunkers Losses (11 TWh)

(marine and aviation) and statistical

-3TWh

differences
(26 TWh)

Changes in stocks

net decrease (+) 72 TWh

net increase (-) Losses (ex: flaring,

v Exports Tlmports
2142 TWh 90 TWh

United Kingdorn,
Germany, the Metherlands
and France account for 75
per cent of the energy
export from Morway.

Statistics Norway

e Statistisk sentralbyra

Physical flows

transmission and
distribution losses) (& Twh)
and energy use in energy
producing industries (66
Twhy.

Transformation: The
process where primary
energy products are
converted into secondary
energy products, such as
crude oil being converted
to gasoline,

How much is actually 1 TWh?

1 terawatt hour (Twh) is ane billion
kilowatt hours (KWh). An average
Norwegian household uses around
20 000 kwh per year (2012).

Excl. raw materials Transport

213TWh (5:82 T@gince 2014) %

Other user groups

89 TWh

—
23 TWh (+ 2.1% since 2014) H
Energy used as raw materials

Energy products that are not used

as fuel, but used as raw materials.

Examples are oil products used in

plastics production and natural gas

used in methanol productiorn.

Energy consumption broken down by energy products

v who. 2, A

100 100 100

600 a0 &0
400 40 40
20 2( 20
(1] 0 a
Manufacturing, mining Transpart Other user groups
and quarrying

Source: www.ssb.no/en/energibalanse
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Demand for energy services

# sub- Demand type # demand data
sectors per region

Sum #

demand data

Industry Electricity, heat, raw material 231-240

Household s 5 Electricity, heat 10 0

Tertiary 5 Electricity, heating, cooling 21 147

Frimary - Electricity, heat, raw material 3 21

Transport a “Yehicle-km, tonne-km, useful a )
energy demand

Total 3336 7378 534

Physical flows
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Granularity

Models have different granularity of data
I TIMES typically has very granular data
I REMES should have aggregated data



Granularity

Top down models




Defining model dimensions and mapping them

Industries




Region
Region
Region
Region
Region
Region
Region

Regional mapping

TIMES Norway

1: South

2: Central
3: West

4: East

5: Middle
6: North

7: Finnmark

Regional accounts statistics

Finnmark

Troms

Nordland

Nord-Trgndelag
Mere og Romsdal PG ndelag
Sogn og Fjordane Hedmark
Oppland
Hordaland Buskerud
= Akershus
Oslo
Rogalang TEIEMAk" . gstfold
Vestfold
Aust-Agder

Vest-Agder



Mapping of energy commodities (excerpt)

TIME S commodity TIMES description REMES commaodity
ELC-HF Electricity High Voltage: From unregulated hydro c_POW
ELC-HVY Electricty High Yoltage c_ POV
ELC-LY Electncty Low Voltage c_POW
ELC-LV-LOSS Electricity Low Voltage: Losses in grid c_POW
ELC-WP Electricity High Voltage: From wind power c_POW
BIC-BAR Bark c_BlO
BIC-BLI Black higour c_BIO
BIO-COAL Bio-Coal c_BlO
BIO-COKE Bio-Coke c_BlO
BIC-DSL Biodiesel (2. gen) c_BIO
BIO-ETM Ethanal (ESS) c_BIO
TI M ES EBIO-FOR Biomass from forrestry c_BIO
BIC-MWS Municipal waste c_BIO
BIC-OiLI Syntetic biomass oil, industnal use c_BIO
BIC-0ILS Syntefic biomass oil, stationary use c_BIO
BIC-PEL Pellets c_BlO
Granular BI0-SAW Biomass s < BI0 Aggregated
EBIC-WDO Wood c_BlO
4 COAL Coal (COAL-HC & BIO-COAL) c COAL H
30 commodities | i = 5 commodities
COAL-HC Hard coal c_COAL
MG-CNG Compressed MNatural Gas (CHG) c_ NG
MNiG-L Matural gas before pipeline distnbution (for indu c_MNG
NG-LPG Liguid Petroleum Gas c_MNG
MGE-PL Matural gas after pipeling distribution (local) c_ NG
OIL-LDY Light distillate, industrial use c_ OIL-LD
OIL-LDIF Light distillate, industrial use (fossil) ¢ OIL-LD
OIL-LDS Light distillate, stationary us= ¢_QIL-LD
OIL-LDSF Light distillate, stationary use (fossil) c_ OIL-LD
OIL-LDT Light distillate for franspart {marine diesel) ¢ OIL-LD
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Some mappings are directional
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XZ
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REMES

Energy mix based on TIMES

Some mappings are directional

Demand based on REMES

# demand data Sum #
per region demand data

Industry 231-240

Households 10 70

Tertiary tricity, heating, cooling 21 147

Primary tricity, heat, raw material 3 21

Transport icle-km, tonne-km, useful 8 =15
ergy demand

Total 7578 534
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