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Industrial energy consumption in Denmark

m Relatively low energy intensity

m Diverse composition of resources

m Low taxation

B Ambitions to reduce fossil fuel consumption

m Fossil fuel reduction options in use of natural gas
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ETE Composition of industrial energy demand: Savings

== and electrification

m Composition of final demand (2012)
m Electricity 29%
m Fossil fuels 55%

B End use savings and electrification — hourly profiles
m Electricity savings follow electricity demand profile
m Electrification of natural gas follow gas demand profiles

m Construction of profiles depending on variability of demand:1-2-3 shift consumption
mode

m 3 shift mode is probably stable and 2 shift less stable

B Savings of electricity more valuable if unstable — 1 and 2 shift industries
m Electrification of gas (fossil) demand most attractive if stable — 3 shift
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pTu Savings and electrification targets

Based on 57 sub-sectors, 22 end-uses and 20 fuels (Source: Wiese F, Baldini M Pathways to Carbon
o Neutral Industrial Sectors: Integrated Modelling Approach with High Level of Detail for End-use Processes
@@ 1 2th SDEWES Conference, Dubrovnik 2017)
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ETESavings and electrification
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DTU
== Composition of final fuel demand — fossil share still 51%

o

Manufacturing final energy consumption 2017
- Around 9% of CO,in DK
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Total industry — fuel density per fuel type and end-

“" use (94 PJ) (Source: Wiese F, Baldini M Pathways to Carbon Neutral Industrial Sectors: Integrated
@@ \odelling Approach with High Level of Detail for End-use Processes 12t SDEWES Conference, Dubrovnik 2017)
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DTU
== Value of savings and cost of electrification in power

system

Time profile of savings (electricity) and
profile of natural gas electrification impacts
electricity system savings and additional
system costs differently
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pTy Electricity demand - Sum of profiles compared to the total

== electricity demand in a sample week (week 07,2012).
=¥ Data for total electricity demand in DK

— Egrlouinere
— Proddiaccn slimsls
— Prodiozten doaskls
— Prodisetion ple
Sarsion
Ttal ghegiricly dom and

&
&

&
S

Electricity demand [MWh]
i
e

2000 |, . A
i A I|l. “ -I |I II,. 3
] ¥ "'\-_l _||| 2 -I LS i N 'I|I .'.III | _1
o W |I' S_— .-._I L -.-':_ 1 L I-' L '-I - _.r > -- i
"|.E|E|E| A | L - |I.:_____..- 5 f_\___. 'I-. e . e b — -.Ilr .|l = :I. W
. I-ﬂ_lI !-T. s | ¥ r'i_ — _._fFF L.:?'- . I: :-"-. I.p.'r-. I—u"IF I'._Not much
and less
14 15 168 17 18 15 variation
Feb
2012

Time [Hours]

May 20 - 2019 DTU Management Energy saving options in Danish industry 10



“pry Process heating fuel demand (natural gas) for a full week

Source: Wiese F, Baldini M Pathways to Carbon Neutral Industrial Sectors: Integrated Modelling Approach with
“.‘ High Level of Detail for End-use Processes 12t SDEWES Conference, Dubrovnik 2017
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ETE Electricity price profiles — Balmorel model outputs
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Electricity price profiles 5 working days average over

= 4 weeks — (actual prices 2018)
DK-east 2018
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Electricity price profiles simulated (Balmorel) and

DTU :
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DTU value of savings and cost of electrification (demand)

o

o
DK-E average working day 43% higher cost
during day (7-23)
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ETE Conclusions

o
o

m Time profile of industrial energy demand and savings varies for sectors

m Categorising sectors by production/consumption mode in 1-2-3 shift reveals
the difference

B Savings options interact with power system by influencing demand variation
— system value of the electricity savings profile is highest for single and
double shift industries

B Power system cost of electrification is highest for single and double shift

B Savings and electrification priority indication

B Focus on natural gas and electricity savings in single and double shift
industries — (highest value)

B Target electrification to natural gas demand in triple shift industries (lowest
cost)
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Value of industrial energy savings and cost
of electrification
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