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O What is IEA ETSAP? etyap

* One of 39 IEA Technology Collaboration Programmes
www.iea.org/tcp/

e 40 years international cooperation on energy systems
modelling (since first oil crisis)

* Developing and maintaining (MARKAL and TIMES) tools

* Assisting policy decisions by modelling possible future energy
pathways

* Focus on key role of technology to meet goals
* Biannual workshops and training


http://www.iea.org/tcp/
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B Contracting parties
1 Model users

>200 Users In 73 countries

ethap

G
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e linear programming bottom-up energy model
* integrated model of the entire energy system

* medium to long term prospective analysis (20 - 50 years)
— Demand driven (exogenous) in physical units

e partial and dynamic equilibrium (perfect market)
* optimal technology selection

* minimize the total system cost

* environmental constraints

* energy and emission permits trading

e price-elastic demands
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NPV = > (1+d, )" e« ANNCOST (y)

yeYEARS
where:
NPV is the net present value of the total cost (the OBJ);
ANNCOST(y) is the total annual cost in yeary;
dr,y is the general discount rate;
REFYR is the reference year for discounting (2005);
YEARS is the set of years for which there are costs in the horizon

BUCC ©MaRe| -

ENVIRONMENTAL RESEARCH INSTITUTE

University College Cork, Ireland Centre for Mar T GemTY GuREOR
Colaiste na hOllscoile Corcaigh Renewable E ergy
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e (Capital Costs incurred for investing and dismantling plant;

e Fixed and variable Operation and Maintenance (O&M) Costs;

e Costs for exogenous imports and for domestic resource production;
e Revenues from exogenous exports;

e Delivery costs for required fuels consumed by plant;

e Taxes and subsidies associated with fuel flows and plant activities;
e Salvage value of plant at the end of the planning horizon;

e Welfare loss resulting from reduced end-use demands.

= 1UCC “MaREl el

ENVIRONMENTAL RESEARCH INSTITUTE

Centre for Marine and T unvensiy cowece com
Renewable Energy

University College Cork, Ireland
Colaiste na hOllIscoile Corcaigh
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Given... Models provide...
e technology data (e.g. 1300)

e service demands (e.g. 73)

technology investments
technology activities

* import fuel prices * emission trajectories
* Supply curves e adjusted demands
* emission constraints * marginal energy prices
* other parameters * imports/exports
— discount rate * total system cost

— time horizon definition
— time slice definition

BUCC ©MaRe| et

EAVRONMENTAL RESEARGH STITUTE
ltyC ollege Cork, Ireland Centre for Mar e e
t a hOllIscoile Corcai gh Renewable E ergy
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* Global model (ETSAP-TIAM) now available in addition to modelling tools (TIMES)
e 15 Region global TIMES model available to ETSAP Contracting Parties
 Developed by GERAD and currently updated by ETSAP Collaborative Project

e Includes several thousand technologies and models climate forcing
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e distributed to 10 ETSAP Contracting Parties
* available on request by participants

e several projects have used TIAM:
— EMF-22, EMF-24 (Stanford, US)
—  Low Carbon Society (NIES, Japan, UK-ERC, ...)
— IPCC-IAMC, special report on Renewable Scenarios
— IEA-RETD, Achieving Climate and Energy Security (ACES)
—  EC-FP7, REACCESS on Energy Corridors for EU
— Asian Modelling Exercise

 currently being updated and re-calibrated in ETSAP project led
by DTU
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 >two workshops per annum on energy systems modelling
— http://iea-etsap.org/index.php/workshops
— Cork, Ireland May 30-31 2016
— Madrid, Spain Nov 17-18 2016
— Tokyo, Japan Dec 14 2016
— Sao Paulo, Brazil Jan 30 2017
— Maryland, USA July 10-11 2017

e joint organiser of IEW (International Energy Workshop), Maryland,
USA, July 12-14 2017

e Deliver > 2 training courses for the ETSAP tools biannually
* Tokyo, Japan Dec 15-16 2016



http://iea-etsap.org/index.php/workshops

() ETSAP Outputs cLydp

Annex Xl Report > 300 publications 2011-2013 (including 110 peer-review papers) from:

i) Global Models: incl. IEA ETP model, original TIMES Integrated Assessment Model (TIAM),
derived TIAM models, ETSAP-TIAM model

ii) Regional Models: Pan-European TIMES model, MARKAL-TIMES Models for Europe, Asia and

North America. f Multi-regional models
iii) National Models of 32 countries (including China).

iv) Sub-National Models: Western China, Reunion Island (France), Lombardy (Italy), Pavia (ltaly),
and Kathmandu Valley (Nepal).

v) Local Models for rural areas and cities in Austria, Germany and Italy, other bigger cit|e!such as

Madrid (Spain), Beijing, Guangdong and Shanghai (China), Johannesburg (South Africa) and New
York City (United States).

http://iea-etsap.org/finreport/ETSAP_Annex_XIll_Final%20Report.pdf
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ecture Notes in Energy 30

 Methodologies and case studies

* Demonstrating use of energy systems models

* Support energy and climate policy

* Critical analysis of rich and varied applications GlanCarloTosato Editors

| s dhere o e e nforming Eneray
&Y BY Y and Climate Policies

www.springer.com/gp/book/9783319165394 USing Energy
— ~——y Systems Mod“

Insights from Scenario Analysis
Increasing the Evidence Base

@ Springer


http://www.springer.com/gp/book/9783319165394
http://www.springer.com/gp/book/9783319165394
http://www.springer.com/gp/book/9783319165394

UCC Green Campus @

ENERGY

* world’s first green flag campus
e world’s 15t university to achieve the ISO 50001 standard

e 4% in world in the Ul World Green Metric University Rankings 2015
* Environmental Research Institute 2000
* SFI MaREIl Centre 2015

Centre for Marine and

University College Cork, Ireland
Colaiste na hOllscoile Corcaigh Renewable Energy


http://greenmetric.ui.ac.id/
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Ireland and Japan

Ireland
Population 4.5m
€165bn
GDP PPP €36k
Electricity 26 TWh
Consumption | 5.6 MWh
Peak
Demand >-1GW
co, 35 Mt
Emissions 7.6t
Installed
Capacity* IGW
Total Fossil 7 GW
Fuels
Hydro 0.2GW
Wind 2 GW

Value in italics are per person

Japan
Population 127m
€3993bn
GDP PPP €31k
Electricity 988 TWh
Consumption 7.8 MWh
Peak
Demand (GW) 200 GW
co, 1265 Mt
Emissions 10t
Installed
Capacity* 293 GW
Total Fossil 185 GW
Fuels
Hydro 27 GW
Wind 3GW
Solar 34 GW

cLloyapy

HADENBEENRMOETE

Electricity grid and companies in Japan

il 5 Hokkaido
%4t EA Tohoku
HREN Tokyo
35 % 7 Hokuriku
RN Chlbu
97 B Kansai
F[EFH Chagoku
P mEEH Shikoku
I A &N Kyasha
048 EH Okinawa

60Hz / 50H7

——500kV A5 (AC)
------ 275 ~ 187kV 35ifi(AC)
250kV Ejji(DC)
——250kV EJ#(DC)
(S00KVADZEF:HEHY Planned 500kV)
O BT Frequency Converter
O 3:HEZHT AC/DC Converter
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Informing Climate Action cClL)d IJ

20 December 2013

Economic & Social Research Institute  Edsma

‘Whitaker Square Via Livorno 60

sir John Rogerson's Quay Environment Park 1-10144
Dublin 2 Turin, Italy

Tel: (01) 863 2019 Tel: (+#39) 011 225 7351
Fax: (01) 863 2100 Fax: (+39) 011 225 7355

john. curtis@esriie maurizio gargiulo @edsma.com

roadmaps for Ireland

@ e... BUCC

University College Cork, Ireland
E RI Coldiste na hOlIscoile Corcaigh

Technical support on developing low carbon sector

Low Carbon Energy Roadmap for Ireland

Paul Deane, John Curtis, Alessandro Chiodi, Maurizio Gargiulo, Fionn Rogan, Denis Dineen,

James Glynn, John FitzGerald and Brian O Gallachéir

University College Cork
Environmental Research Institute
Lee Road

Cork

Tel: (021) 490 3037

Fax: (021) 427 6645

b.ogallachoir @ucc.ie

Number 46 of 2015

Climate Action and Low Carben Development Act 2015




Informing Energy Policy @[ ) Q p

Roinn Cumarsdide,
Fuinnimh & Acmhainni Nadurtha
munications,

Energy/) Technology
Network
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Energy & Natural Resources

Ireland’s Transition to a
Low Carbon Energy Future

2015-2030

Energy Modelling to Inform the White Paper

December 2015

Brian O Gallachdir, Paul Deane, Alessandro Chiodi,
James Glynn and Fionn Rogan.

Energy Policy & ¢
Eﬂ % Modelling Group ERI."
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Climate and Air Ireland -
Synergies and Tensions

A GAINS Ireland and Irish TIMES
analysis

Andrew Kelly?, Alessandro Chiodi®, Miao Fu?,
J.P. Deane®, Brian P. O Gallachéir®

Climate and Air Policy in Ireland

An assessment of the synergles ond tensions between climate .
ot by bt a EnvEcon, Dublin, Ireland

P b Energy Policy and Modelling Group, Environmental Research
Institute, University College Cork, Ireland

Decision Support Series 2016 No.2

g EnvEcon . U( :(‘.
Decision Suppart b ]
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TFC
200 TWh

Elec = 17%
=34 TWh

=33% growth
on 2015




TFC
136 TWh

Elec 25%
=34 TWh
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CO2 MAC and Sectoral Emissions Trajectories in 2050 under 0-96% Carbon Constraints

CO2 MAC curve and Sectoral Emissions Trajectories in 2050
CO2 Reduction Target Sector
M Transport

s00 W Industry

Power Generation
I services
M Residential

Agriculture
500 W coz Price

35

550

CO2 Reduction Target: 86%
Price. 398
450

€02 Reduction Target: 83%
CO2 Price: 341

©O2 Reduction Target: 53%
rce: 269

™

350

w
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CO2 Marginal Abatement Cost

£O2 Emissions (M1)
"
13
g

200

100
Power Generation
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The trends of CO2 marginal abatement costs and emissions in each sector under 1-100% mitigation targets in 2050 compared to 1990. The interim targets in

linearly interpolate:
solutions above 96% reduction target. The MAC curve is not linear and a tippipng point can be identified at 86% reduction constraint.

he model found no feasible



Multi-Model Approach 1 - , ( »
e Power Systems Lydap

Step 4
Input/Output:

Model Setup . . )

< LP/MIP sGeneration Portfolio «Seasonal Fuel Prices Step 2

*+  Xpress MP Solver Plants AF *Timeslice Definition

* 1Year Simulation Horizon - o e -
‘ + 365 Simulation Steps Efficiencies +Emission Factors

* 30Minute Resolution TIMES Model Parameters
e Step 3 + Target year: 2020

Step s + + RES40scenarios
P Process: Input/Output:

Half hourly chronological +2020 Elc Demand {Annual) ”

PLEXOS Model Parameters ™ demand profile based on -
* Minstable levels L) . +2020 Peak Demand
L historical profile shape
+ Ramprates/limits
* Startcosts del . s 1
‘ +  Minup and down times Models Input: ¥ tep
electridity demand shape
h « half-hourly chronological wind profiles
| |
Y 3 + *
——| H—
PLEXOS Modeling Tool TIMES Modeling Tool
-~
4
Step7

. . : Step 6

Wind Production Profiles W Model Setup
¢ Vary wind production BT
profile Outputs: + GAMSCPLEX Solver
* Determine effect on . g i
reliability of system *CO:z Emissions by Region, FuelandPlant  «Wind Curtailment . ig?nsmzeosﬁge:{;cr::griod
o sCapacity factors by Plant Type sImport/Export by Region

eGeneration by Fuel and Plant Type *System Adequacy
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Japan

OPGM Model:

Additional constraints in DNE21

Global Energy Model (DNE21):

Cost Minimization Model é RES Integration Curve *  Cost Minimization Model
10-min consideration of Wind & PV *  Temporal Resolution: 4 hours

Detailed evaluation for wind & PV integration .

Ireland

More plausible evaluation of wind & PV integration
in rough time-resolution model

Additional constraints in Irish TIMES

Irish TIMES: PLEXOS_lIreland: \ Irish TIMES:
*  Energy Systems Model é *  Dispatch Model % e SNSP=75%
*  Low Carbon Roadmap * 15min-1 hrtemporal *  Equiv50% VRE
* 12 timeslices *  power plant detail

Extract 2020 or 2030 power system results More plausible power system results in Irish TIMES



eemlrenmeony QUANtifies Wind Curtailment €

14

12

10
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L)dp

o I

Gas-CC

Wind integration

M Irish TIMES Model

Peat

kd PLEXOS

reduced.

PUMP-HYD

Storage
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60 - B Transformation
0 [ Residential
g I Services
9:40 Industrial Processes
S o Industry
30 I Transport

i Agriculture (Energy)
B Agriculture
e BAU

1990 2000 2010 2020 2030 2040 2050
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Technologv component ; ................................. _E

e )\ ’ -
: Service Demands

Livestock sector

\ , -
[ Land ] - ~ [ Livestock (6)
prmmmmmmmmmmmmmes 3 E> Tillage sector E>
Water pi [ i ]

Supply Component

Tillage (6)

' Agﬂqultur'e
,(Energﬂ(*l.), )
Fossil Fuels [ Services (12)
L Imports ) -
 Domestic Fossil | [ Residential (20)
L Fuels )i |:> Irish TIMES |:> 5
| Renewable | (Energy System) [ Transport (13) |
Potentials ] i
[ Industry (13)
Renewable s
18 Imports E
et g [ Non-Energy (1) ]
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GHG sectoral reductions (rel. 1990)

2005 2030 2050
Sectors\Scenarios GHG-50 GHG-60 GHG-50 GHG-60
Power Generation 37% -56% -55% -73% -94%
Industry (incl. process) 26% -35% -39% -90% -90%
Transport (incl. int. aviation) 149% 95% 68% -76% -84%
Residential and services 1% -58% -60% -67% -82%
Agriculture (CO,, non-CO,) -3% 4% 4% -7% -13%
Transformation 62% -100% -100% -100% -100%
Energy 44% 30%  -36%  1-73%  -88%:
Non-Energy -3% 1% 1% 5.—18% 22%:

Total 24% 17%  -20%  [-50%  -60%
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menrameens  VUItI-Model 3: TIMES-MSA C L ) d |

Primary energy prices, GDP, Population,
Industrial Activity

Resource availability

____________________________________________________________________________________________________________________________

——________________R ______________________________________________________________________________________________________ \\\ \\
Min NPV = Z Z @+d,,) REFYR=Y . ANNCOST (r, y) Partial Equilibrium )
r=1 ycYEARS
Primary energy Final energy Service Demands

QOil
Coal

Transformation

Raw Gas

H
L; Res Heat

Indust

. i Light Ind Heat
Services, >
Transport, Motion

Residential...

Refinery,

Gasolis
Natural Gas
Electrcity

Power Plants,
— Gas Network,

Person Km
Freight Km. ..

Briquetting...

_______________________________________________________________________________________________________________

i T Energy Costs
» Max U = z antr.pwtt.dfactr,t. ln(Cr,t)
i t=1 r

MACRO Stand Alone (MSA) General Equilibrium Demand

Labour > Macroeconomic Model
| Response

€ Investment " Consumpmon

Capital
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.g CO2- CO2- CO2- CO2- CO2-
80_MSA 80_MSA 80_MSA 80_MSA 80_MSA
2010 . 2020 . 2030 . 2040 . 2050

* Estimates potential reduction in macro consumption
* Energy Service Demand reductions drive additional TFC reductions

e Scenario-relative reductions in emissions and emission costs
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Botwork Policy Simulation
C
Emi DE Individual
missions Change of Input Constraint Policy
Reduction Measures

Optimisation Model Simulation Model
(Technology Roadmaps) {Policy Roadmaps)

Pathway Towards
Decarbonised
Energy Sector Feasibility Check
o ‘..°

BUCC “MaRE eri®

University College Cork, Ireland s cousce
Colaiste na hOllscoile Corcaigh R newabl E gy
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s Efficiency Policy Roadmap
Total Final Consumption (GWh) for all scenarios
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