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Part 3 and 4

e Tabs: Storage, Cooling, Individual, Industry,
Transport, Cost and Regulation

® Gathering Data for EnergyPLAN

e Types of Studies in EnergyPLAN

e Case Study: IDA 2030 Energy Plan

e Exercises: 3, 4 and 5 from the EnergyPLAN website
® Discussion / Questions

£
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Types of Studies

1. Technical Optimisation

2. Feasibility Study

3. Market Optimisation
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e

Technical Optimisation

1. Meeting heat demands

2. Meeting both heat and electricity demands (see next

slide)

3. Like 2 BUT reduce CHP also when is needed for
stabilisation reasons

4. Like 1 BUT meeting triple tariff.
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Technical Optimisation 2
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Feasibility Study

e A technical optimisation with cost details

e Enables user to quantify the cost of creating the
technical optimisation

¢ Socio-economic costs:
Jobs
Environmental Benefits

Balance of Payment

£
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Market Optimisation

e Models the energy system based on existing economic-
regulations i.e. Most economic rather than most
technologically advantageous

e Units aim for a competitive Marginal Cost of
Electricity

£
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Optimisation Sequence

1. Starting Point (Demand, RES, Boilers)

2. Optimising minimum electrcity for Hydrogen for transport and
Mincro CHP

3.  Optimising elec. Consumption (Heat Pumps etc.
4. Optimising Hydro Power

5.  Optimising Production Units

6. Optimising storage (Hydro and CAES)

7. Repeating 3-6

8. CEEP regulation
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e

Optimisation Sequence

e Sort the following units in accordance with lowest
costs:
Nuclear
Geothermal
Condensing plants
Indv. Biomass CHP
Indv Natural Gas CHP
CHP replacing boilers
CHP replacing Heat Pumps
CHP replacing electrolysers

/] David Connolly - Univeristy of Limerick 5 March 2009 9



5 March 2009

-
@]
=
(<P}
£
|
[
(@]
2
&
E
2
(=]
)
1
>
3
(=}
(o}
o
¥
o
5
()
&




Regulation

I 3EnerayPLAN 7.20: Startdata
File Edit Help

- B =lolx|

| Frontpagel Imput I Cost  Fegulation | Dutputl Settingsl

Regulation:

Chose Optimisation Strategy: Technical Optimisation

Change technical regulation strategy I 1 Balancing heat demands

Electric grid stabilisation requierments:

inimum grid stabilization production share
Stabilization share of CHP2
Minimum CHF in gr. 3: 300

111

Heat Pump b aximum load:

Critical Excess Electricity Production (CEEF)

Critical Electricity Excess Production [CEEP] regulation: brite number:

1: Reducing RES1 and RES2

: Reducing CHP i gr.2 by replaing with boiler

: Reducing CHP in gr.3 by replaing with boiler

: Replacing bailer with electric heating in gr.2 with maximum capacity: I99999 Il
: Replacing boiler with electric heating in gr. 3 with maximum capacity: Iggggg :

: Reducing RES3 bl
: Reducing power plant in combination with RES1, RES2, RES3 and RES4

[ =B R S FUR

Advanced Not Active I

External Electricity Market Definition

Price distribution Change | Hour_nordpoal bt
Addition factor ID DEEAMWh

Multiplication factor

Fesulting average price : 227 DEEAWh

External Electricity Market response to imporifexport
[o DKKMiwh pr. My
Basic price level far price elasticity 150 DEEAwWh

Price elasticity

Transmission line capacity

Maximum imp. /exp. cap: I‘I 600 b
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Cost - Fuel

EnergyPLAN 7.20: Startdata
File Edit Help

=lolx|

| Frontpagel Input  Cost | Flegulationl Dutputl Settingsl

| Dperationl Investmentl Additionall

Fuel, Taxes and CO?2 costs

Coal Fueldil Dlese.l PetrolllP - Mgas Waste Biomass
Gasoil
Fuel Price world market prices] (DKK/GJ) |0 fo fo jo jo T C
Fuel handling costs [digtibution and refinery] [DEKAGS]
To central CHP and power stations ID 0 ID ID ID
Todec. CHP. DH and Industry ID ID ID ID ID
To Individual house holds ID ID ID ID
To transportation [road and train] ID ID ID ID
To transportation [air] a
Taxes [DEEAGI)
Individual households ID ID ID ID
Industry ID ID ID ID ID
Ecilers [at CHP and DH plants] [o [0 jo jo jo
CHP writs [o [o o o o
Comprezzed Air Energy Storage [CAES) ID
CO2 content in th fuels: ID IU IU IU ka/Gd]
CO2 Price [included in marginal production prices] ID [DKEA COZ2)

Fuel price altemative ; Basic |

Heat Pumps
Electrolysers
Electic cars

Pump [storage]

Business economic operation:
Al costs [fuel, handling and taxes] are included
in the marginal costs when optimal operation
strategies for the individual plants are decided.

Socio economic consequenses:
Taxes are hot included when the socio economic

‘conzequenses are calculated,

Taxes on electricity for energy conversion ;

[DEE MW h]

Electric: heating

[DH spstems

1T

Individual houses

1111
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File Edit Help

EnergyPLAN 7.20: Startdata

=0l x|

| Frontpagel Input  Cost | Flegulationl Dutputl Settingsl

Fuel

| Irvestment I Additional I

Variable Operation and Maintenance Cost

District Heating and CHP systems

Buailer

CHP

Heat Pump
Electric heating

Power Plants

Hydro Power
Condenzing
Geathermal
GTL M1
GTL M2

Storage

Electrolyser

Pump

Turbine

WG Dizcharge %)
Hydro Power Pump

Individual
Buailer

CHP

Heat Pump
Electric heating

*] Total cost of storing defined pr. Mwh of electricity production

FIEEEE FEEEE FEEE

FEEE

DKW heth
DEEAdWh-2
DEEAdWh-e
DEEAdWh-e2

DKKMwh-e
DKKMwh-e
DKKMwh-e
DEEAwh-fuekinput
DEEAwh-fuekinput

DEEAdWwWh-2
DEEAdWh-e
DEEAdWh-2
DEEAdWh-e
DEEAdWh-e2

DKW heth
DEEAdWwWh-2
DEEAdWwWh-e
DEEAdWwWh-e

] Minimum zeling price devided by maximum buying price

Marginal Costs of producing 1 MWh electrcity

DistricHeating

Power Plants

Individual

Incr.
Incr.
Incr.
Incr.
Incr.
Incr.
Incr.
Incr.
incr.
incr.
incr.
incr.
incr.
incr.

CHPZ decr. HPZ2
CHP3 decr. HP3
CHP2 decr. B2
CHP3 decr. B3
B2 decr. HP2

B3 decr. HP3

B2 decr. EB2

B3 decr. EB3
CHPZ decr. ELT2
CHP3 decr. ELT3
B2 decr. ELTZ2
B3 decr. ELT3
GTL decr. B3
GTL decr. CHP3

Condenzing Power

PRz

Hydro Power
Geathermal

Incr.
Incr.
Incr.

Mgas.CHP decr. B.

Bio.CHP decr. B.
HF decrease EH

0

o000 DOoOO0O0D ODOoOO0OOoOOoOOCOoOOoOoOoDoOoo

DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh
DEKAWh

DEKAWh
DEK AW h
DEKAWh
DEKAWh

DEKAWh
DEKAWh
DEKAWh

Marginal Costs of storing 1 MWh electrcity

Individual

Storage

Incr. H2.CHF decr. Boiler

W25 [Electric Yehicle]
Pump#Turbine [CAES]
Hydro Pump Storage

DEKAdwh

0

]
]
0

Multiplication Factar =]

1.85

1.23
1.33
33

4
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Cost - Investment

[ dEnerayPLaN 7.20; Startdata ] 3
File Edit Help

| Frontpagel Input  Cost | Flegulationl Dutputl Settingsl
Fuel I Operation | Additional I
Investment and Fixed Operation and Maintenance Costs Interest: [g Percent pro anno
CHP systems Investment Period O.and M. Total Inv. Costs Annual Costs (MDKK/year)
Lnit MODKE pr. Unit  Years % of I, MOKE Investment  Fixed Opr. and k.
Solar thermal 0 Twhdyear il il il ] 0 ] Investment
Small CHP units 1000 M- 5 5 5 0 0 0 Sum Annual Costs
Heat Pump ar. 2 0 ke il il il 1] 1] 1] n (MDEKKjyear)
Heat Storage CHP 20 Gw'h il il il ] ] ]
Large CHF units 1500 Mw!-e i} i} i} 0 0 0
Heat Pump ar. 3 100 Miwi-e il il il ] ] ] )
Heat Storage Solar 0 Gwh il il il ] ] ] Fixed Oper. and M.
Bolersor 2and 3 10000 Muith 5 5 5 0 0 0 Sum Annual Costs
Large Power Plants 2500 b2 il il il 1] 1] 1] n (MDEKKjyear)
Wwind 1000 Mg il il il ] ] ]
“wind offshore 0 Mwi-e il il il ] ] ]
Fhaoto Yoltaic 500 bwi-e il il il ] ] ] Show Al |
W awe power 0 Mwi-e il il il ] ] ]
River of hydro 0 Mwi-e il il il ] ] ]
Hydro Power 0 Mwi-e il il il ] ] ]
Hydro Storage 0 Gwh il il il ] ] ]
Hydra Purmp 0 Mwi-e il il il ] ] ]
Muclear 0 Mwi-e il il il ] ] ]
Geathermal 0 Mwi-e il il il ] ] ]
Electralyser 0 Mwi-e il il il ] ] ]
Hydrogen Starage 0 Gwh il il il ] ] ]
Fump 0 Mwi-e il il il ] ] ]
Turbine 0 Mwi-e il il il ] ] ]
Pump Storage 0 Gwh il il il ] ] ]
Indv. boilers 0 Miwi-th il il il ] ] ]
Indv. CHP 0 Mwi-e il il il ] ] ]
Indv. Heat Pumnp 0 Mwi-e il il il ] ] ]
Indy. Electric heat 0 ke i} i} i} 0 0 0
Indv. Solar thermal 0 Twhiyear il il il ] ] ]
0 0

Additonal various investment costs [zee next page]
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Cost - Additional

EdEnergyPLAN 7.20: Startdata 1ol x|
File Edit Help

.Frontpagel Input  Cost |F|egulati0n| Dutputl Settingsl

Fuel I Dperationl Investment

Specification of Various Additonal Investment Costs
Period O.and M. Total Inv. Costs Annual Costs (MDKK/year)

Years % of [, MOKE Investment  Fixed Opr. and k.
Yarious 1 ID ID ID : :
Yatious 2 ID ID ID : :
Yarious3 1D 0 0 : :
Various4 |9 u u 5 5
Yarious 5 ID ID ID : :
Yarious B ID ID ID 2 2
Yarious 7 ID ID ID : :
Yarious 8 ID ID ID : :
Yarious 9 ID ID ID : :
Yarioug 10 ID ID ID : :

4
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Case Study: IDA 2030

Energy Plan
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7 Themes

Buildings and solar thermal

1.

Industry and Process
Oil and Gas (North sea)
Transportation and mobility

Hydrogen, Fuel cells, Batteries and
Biomass

Wind, Photovoltaic and Wave Power

Energy systems

Wi
[ 4
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e For each theme:

Knowledge Seminar
Future Seminar

Roadmap Seminar
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Technical Optimisation

Primary energy supply
Peta Joule (P])
1.000 B Export
00 B RE electricity
200 W Solar thermal
700 B Biomass
600 B Matural gas B
500 W oil CO; emissions
400 W Coal
360 Million ton per year
0 70 M Export
i M Danish
0 60 demand
2004 Ref. 2030 104 2030 50
40
30
20
10
0
1990 Ref. 2030 IDA 2030
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Energy Flow

DANISH REFERENCE 2030

€O, emissions:

Primary energy supply, total: 2698 terawatt hour (TWh)

Million ton per year
60,8

Excess electricity 0,2

Electricity
mand:
,0 TWh

Fuels, TWh: B Coal M Oil BMNatural gas M Biomass

g

CH pmp"llnu.
and heat pumps

District heating
grid loss
20 pet. eat
lemand;
2,6 TWh

Transport:
69,2 TWh

Offshere

THE DANISH SOCIETY OF ENGINEERS' ENERGY PLAN 2030

€O, emissions:

Primary energy supply, total: 162,5 terawatt hour (TWh)

Million ton per year

60,8

Renewable energy, TWh:

i Wind power

Excess electricity 0,6

David Connolly - Univeristy of Limerick

54
O Pho ectricity
lermand:
Ny Wave power 1 TWh
Fuels, TWh:
M Coal
W il
M Natural gas
M Biomass
District
heating grid
loss 28 |§|:t. et
ermand:
.5 TWh
1990 Aef. IDA
2030 2030
Transport:
447 TWh
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Feasibility Study

Economic costs

Million DKK per year

Business potential

100.000 B CO; costs
W Fuel
£0.000 B Operation
and main-
tenance
60.000 B Investments
40,000
20,000
1]
Ref. 2030 IDA 2030
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Export in billion DKK per year
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IDA 2030

B Energy-efficient

renovation
Biofuels
M Bioethanal
M Heat pumps
[ Fuel cells
M Wave power
W Solar thermal
B Photovoltaics

Management and
measuring

M Electricity, oil and gas
management

7 Wind power
M District heating and CHP
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