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About IRENA &@ IRENA

Infernational Renewable Energy Agency

International organization supported by governments of member
countries

» HQ: Abu Dhabi, UAE
» Members: 182 countries (159 ratified)

» Mandate: Sustainable deployment of six RE resources
(Biomass, Geothermal, Hydro, Ocean, Solar, Wind)

Programme of Work:

» 1. Centre of Excellence for Energy Transformation

= Transformation pathways ‘ Including planning for VRE
» 2. Global Voice of Renewables

» 3. Network Hub

» 4. Source of Advice and Support



Power sector transformation at IRENA
I R E N A International Renewable Energy Agency

Market design, regulation, business models

Improve the representation of
renewable energy in energy

Long term, least cost capacity expansion plan cavrEries sl FeTierE] SR
: : . lans, and deliver better

Unit commitment and economic dispatch plans,
pathways for power sector

transformation

Technical grid studies

» Work with countries to conduct planning studies with
renewables using power sector modelling tools

» Develop guidelines and tools to support better planning
practices and disseminate them



Why IRENA? Some background... IRENA

Infernational Renewable Energy Agency

Thermal plant

» Models contained a pipeline of
detailed, specific projects

» Specific costs

» Specific technical parameters

»

»

»

»

»

»
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Capacity

Fuel type
Efficiency
Forced outage
Capacity factor

Site-specific transmission
and stability requirements

Etc.

Wind & Solar PV (variable x

renewable energy, or VRE)

» One generic, constant cost
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Planning tools IRENA

Infernational Renewable Energy Agency

Long-term generation expansion models Low detail/
(time resolution: hours — seasons) Wide scope
Geo-spatial planning models /Generation and
(time resolution: hours — seasons) network capacities
_Productlpn cost models / Network topology
(time resolution: minutes — hours)
Static grid models Highly-resolved dispatch
(time resolution: single point) and operational details
High detail/
i i : Narrow
Dynamlc grid mOdEIS /Steady state grid currents and <Cone
. (tlme resolutllon: voltages Y
milliseconds — minutes)
Source: IRENA (2017), Planning for the Renewable Future: Long-term modelling and tools 5

to expand variable renewable power in emerging economies



The planning/modelling process IRENA

needs to become more dynamic iemctionai Renewalble Energy Agercy
Feedback
from all the
levels . . :
Long-term generation expansion models LO‘(’;’ detail/
Wide scope
Firm capacity P
Geo-spatial planning models /Generation and
e (e e e network capacities
Production cost models / Network topology
Flexibility
Static grid models / Highly-resolved dispatch
Transmission enhancement and operational details . .
High detail/
. ° N
Dynamic grid models /Steady state grid currents and SirorO;N
Stability voltages P
Source: IRENA (2017), Planning for the Renewable Future: Long-term modelling and tools 6

to expand variable renewable power in emerging economies



Context for solutions: Different >
phases of system integration of VRE  rererrererone oo

Annual shares of variable renewables in electricity

generation (2016) '

% of VRE generation
50%

40%

30%

20%

10%

0%

Y PO T PPN S S L LS QN
-\§’ S @ S F S @ O ¥ P D P QR
\\}‘\Q?t\ QQJ A\ \‘Z)Q \5 \\» \L&% Q}Q) @Q’ '\ ()\\0 @0(\0" @\& 0\\5% (9\% \\é\ G‘)Q QOQ' QQ)Q® @0}\

S >

52 \s\Q %Oo\

m Phase 1-norelevantimpact  ®Phase 2 - Impact on the netload ~ ®Phase 3 - Flexibility is key ~ ® Phase 4 - Short-term stability

Source: Renewable Energy Policies in a Time of Transition 2017

Challenges depend on wind and solar PV shares and country/region

power system characteristics. Policies and measures should adapt
accordingly



A sysjcem-W|de approach to RENA
So I u t l O n S Infernational Renewable Energy Agency

A

Architecture

System- Dispatchable Demand Storage

friendly VRE | generation shaping Hardware

Grid and connectivity

Source: Renewable Energy Policies in a Time of Transition 2017

Technical, economic and institutional policy layers mutually influence
each other and have to be addressed in consistent way.



Integration options for VRE

International Renewable Energy Agency

A RELATIVE ECONOMICS OF INTEGRATION OPTIONS

Involuntary Load
Shedding

Residential
Demand Response

Cost
| _ |
| |

Expanded Balancing

Upward Reserve

Footprint/Joint and Dispatch

System Operation

Flexibility Reserves

Sub-hourly

Industrial &

Commercial Demand
Response

Downward Reserves

Scheduling and
Dispatch

Frequency Support |

Voltage Support

RE Forecasting

SYSTEM
OPERATION

SERVICES FROM
VARIABLE RE

LOAD

Chemical Storage

Transmission
Expansion

Fuel Storage/Flexible
Scheduling

Coal Ramping

Transmission
Reinforcement Pumped Hydro

Storage

CT and CCGT
Gas Ramping

Ao N ST Thermal Storage

Management

Hydro Ramping

A
2l
|

Option costs are system-dependent
and evolving over time

FLEXIBLE

GENERATION TRANSMISSION

STORAGE

Source: NREL

Type of Intervention

\ J



IRENA

Infernational Renewable Energy Agency

Market designh and VRE

Long- and medium-term Short-term

W | >4 years 3-4yearsahead  Months ahead | Day ahead 30/60 minutes ahead Delivery
Time ahead I5X) J

Long term Short-term variability, Uncertainty,

VRE characteristics: variability modularity, uncertainty non-synchronous

Capacity -, Capacity market

Day-ahead Intraday
Ener Forward market :
v 5 market market Balancing/ W s ctem

real time
market

operations

e
Reserves ofb"b Ancillary services market

Strategic More flexible Reformed

Measures:

reserves short-term trading system services

Source: Renewable Energy Policies in a Time of Transition 2017



Looking ahead:
What future for RE-Electrification

Direct electrification results by scenario

2015 Baseline 2050 Scenario1 2050 Scenario2 2050 Scenario 3

Total EU  gecarbonization vs 1990 @ @

economy

Direct

0, 0, 0 o
electrification rate 22% 38% 48% 60%
Direct 1% 299 43%

electrification rate

oy
Direct 34% 45% 54%
electrification rate
th ﬁﬂ ﬂ
Direct 33% 38% 44%
electrification rate
Iy . //

Source: Eurelectric



Publications

& IRENA

Infernational Renewable Energy Agency

®® |IREN

Infeericnioned Sermmatle Coergy Agency

PLANNING FOR THE
RENEWABLE FUTURE

LONG-TERM MODELLING AND TOOLS TO EXPAND
VARIABLE RENEWABLE POWER IN EMERGING ECONOMIES

Renewable Energy
Policies in a Time of
Transition



International Regewable Energy Agency
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Thank you
Daniel Russag, Drusso@ireno.oig/ il




