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A, Integration of Renewables: the Basics
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Bl Our focus today: variable renewables

Wind

Tidal, Wave
River hydro
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Overview of integration challenges 1/2

" Electrical stability HWM'“M il

'n" e
I Timeframe: seconds anc\ | hal Y
sub-second

I Support for system voltage
and frequency

- = N Balancing supply with
s J demand
I Minutes - days

I Must match
Instantaneously
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Overview of integration challenges 2/2

Russia

.. - : B e s e
n Transmission grid Zr | e e
I Are resources " W =
connected to piN ,,’ - bR i ST n
consumption centres? = . ) :

I Isthegrid strongand
managed optimally?

n Maintaining
adequate power to
meet demand

! When the wind
doesn’t blow, are
customers served?

I Systems are already
adequate: the
iIntroduction of VRE
does not change this!

Wind / wave MW
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Bl Change is upon us!
Denmark in 1980
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And will only accelerate...

Electricity In 20507
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' TODAY’s FOCUS:

~ The impact of wind
and solar power on
the balancing of
supply and demand
for electricity
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What changes with wind and solar in the
power generation portfolio?
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s variability really a new challenge?

n Demand is variable too

40 000

Demand curve net
of 5% solar

35000 Demand curve
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at high wind penetrations

40000

@ But the challenge is greatly increased
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— Load (demand) —— Net load Wind output
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When is the challenge greatest?

n When the wind is negatively correlated with
demand. For example:

I Demand is falling when the wind is rising

w Because power plants will already be ramping down... So how
much faster they can do so, will be limited

I Demand is rising when the wind is dropping
w Power plants are already ramping up fast...

n Renewable output may also be positively
correlated with demand.

I For example: when solar PV is installed in countries
with high air-conditioning demand

© OECD/IEA 2011 Source: WWSIS Study, NREL 2010



What about uncertainty?

n Uncertainty Is not new either!
: I Demand is not perfectly predictable on a daily basis
2 ﬁé?f I Also unexpected peaks (cold snap, social event)

@( n But wind and wave are much less predictable
j n Solar PV fluctuates regularly

I Particularly over large areas
I And daytime output is always above 20%

n Tidal power highly predictable: 12 hour cycle

B8 © OECD/IEA 2011



fll Forecasting to manage uncertainty

I Centralised, market-wide forecasting now commaon
In OECD countries

I Multiple forecast technologies used in unison
w “Ensemble forecasting”




An accurate forecast means...

.. less reserve requirement against uncertainty

MW

Net load

T T+30 mins. T+3 hours T+1 day
(gate closure)

|
T: Time of operation (instant when electricity is produced and consumed)

I Uncertainty of net load at time T (MW) ™ Flexible resource held against uncertainty of net load at time T (MW)
© Net load at time T

Givar_Fig24




., What can we do to minimise variability and
uncertainty?
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Three pathways to less of a problem

1. Deploy power plants over a wide area

=¥ Deploy a portfolio of different technologies

™ 3. Curtail output in times of congestion / surplus
I But as little as possible

' © OECD/IEA 2011



1. Deploy over a wide area

0.4
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Normalised power

Individual wind turbine (225 kW) — Group of wind farms (72.7 MW)
— All German wind farms (16.5-18.3 GW)

Source: Wind Energy Report Germany 2006, ISET, Kassel, 2006.
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. Deploy a portfolio of technologies
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Both principles should inform planning
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And once variability and uncertainty have
been minimised? What then?

®  © OECD/IEA 2011

40



Flexible resources

n Electricity resources that can ramp up and
down as the weather changes

n Some will exist already against variability
and uncertainty in demand

N Four types resource
1. “Dispatchable” power plants
2. Energy storage faclilities
3. Interconnections (trade with other markets)
4. Modifiable demand

B8 © OECD/IEA 2011




Dispatchable power plants

n Power on demand
I Conventional: nuclear, coal, gas, oil
I Renewable: geothermal, biomass, reservoir hydro, CSP




45

Bl Storage facilities

n Pumped hydro, compressed air energy storage

UPPER RESERVOIR

© OECD/IEA 2011



Flexible demand

n Two types: managed and responsive

Transmission Distribution Q- Energy service

control centre 1 | W control centre ~ provider
r _____ 1 e e e ol il o™ e o — . — — — — — e — ———————a—r—]
4 &

E

I = Electric Industrial
‘*gj'}’ vehicles cus’mmer

o= et LT

Commercial

| .
I Substation
| customer

High-temperature
superconductor

, _ Storage fl ;IT
\'-. il I I ol A’x)

Residential
customer

Electrical infrastructure =~ ————- Communications
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Interconnections

n Connections between distinct markets
§ Access to flexible resources in those areas

I Major driver smoothing of VRE

55



4 But are those flexible resources
Bl available when they are needed?




Can dispatchable plants respond?

Technical resource (TR) represented
by dispatchable power plants
(from Step One)

!

What is the likely
operating state
of plants when
needed for flexibility?

}

e e e el i Mid-merit plants: are likely to be Base-load plants: are likely to be
. generating during high demand, generating at /near maximum most of
most of the time - able to . ; :
e not |:_|urmg lows - potentially able the time - may be able
to increase or decrease output to decrease output
I | |
v

Capacity available for balancing
additional variability

MW
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Can storage plants respond?

Control by
Is it likely to be used _| system operator
for balancing? makes this
more likely
Are there limitations on time
of use (environmental, other)?
Where is the Is it likely to be

— blocked by grid
congestion?

storage located?

© OECD/IEA 2011



i d Can the demand-side respond?

What capacity Is contracted in
Managed advance by the system operator
(managed part of the resource)?

resources

Is this strictly for contingencies
or is it available for balancing?

RENTOIOEN \yhat capacity is likely to be responsive
resources to a real time price signal?

Is real time price available to
the consumer (through e.g. smart grid)?

- r Are small (i.e. residential) consumers
‘ ?
iy jea’ - aggregated into larger block(s):
; © OECD/IEA 2011



Can trade happen when it is needed?

How many connections are there?
To how many areas? Do those areas
have significant flexible resources?

How strong is coordination with

connected areas? Do they share
a common market?

What is the present extent of use?
Is it already used for balancing?
Or only in case of contingencies?

© OECD/IEA 2011



. Wider constraints on flexibility
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/-\_/
Smoothing VG

over distance

The grid is fundamental

/\/
Smoothing VG

through
portfolio spread

/\/
Link distant VG ; ;

Grid

Link many small
cap producers

Larger market = larger pool
of flexible resources
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B . but works on different scales

n At small scale

Source: EPRI




...but works on different scales

n At International scale
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dl but works on different scales

n At continental scale

China grid China grid

© OECD/IEA 2



Building the grid

n Transmission and distribution account for 42% of all
power sector investment in IEA scenarios (to 2035)

) ﬁg;, n USD 7.1 trillion investment needed to 2035 (NPS)

§ 2/3 of that is in non-OECD countries

I Where 2/3 of spend is on expansion
w Compared to only 40% in OECD (majority is refurbishment)

S 1 About USD 190 bn in 2009
' I 33% in China

n Poor maintenance during 1990s likely to mean
greater spend in the long term

n Only 3% of T&D investment specifically to
Integrate renewables USD (220 bn)

- © OECD/IEA 2011



‘ In the past, control areas were separate

= ; /7 Today
\ e U . Multiple balancing areas
R\ —" in 6 power markets

&

S




., System and power market operation
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Are existing plants still profitable?

Without wind and solar A windy, sunny week

60,000 | 50. 000

 Pumnped Storege Hydo  ® Qas Turbione
* Salar PY * Baolsr CEP
®Stwar Counl W Nuclaar

10-Ape hpr  12-Apr  138pr  WApr  TkApr  TBApr 10-Apr  Ti-Agr  12-Apr  Tl-Apr  Td-Apr  IS-Apr  1E-Apr

Source: Western Wind and Solar Integration
Study, GE Energy for NREL (2010)

n Coal plants are working hard
I Can they afford to?

n Capacity mechanisms are under discussion...
I But speed of response is as important as extent

© OECD/IEA 2011




1 Conventional markets were inflexible

‘ INFLEXIB FLEXIBLE

@ « OTC trading - Exchange trading

. * Fixed contracts for reserves  Trade with neighbours
 Days to months ahead  Balancing, ancillary markets
" e Low liquidity * Flexibility incentive
* |solated e Trading close to real-time

 Advanced forecasting

v v

Shallow pool of flexible Deep pool of flexible
resources Fresources

P © OECD/IEA 2011



Key messages

n Balancing high shares of VRE is manageable
n Flexibility is the essential complement to variability
1«’% n Flexibility assessment should inform RE target setting

N n More flexible resources exist than commonly thought
1. Assess what you already have

2. Make more of that available

3. Only then, consider additional resources

n A strong, intelligent grid is critical
n Large, liquid markets using forecasts are better
I Balancing costs are likely to be lower

N But lost revenue may drive off key flexible plants
I So compensation based on provision of flexibility may be necessary

© OECD/IEA 2011



A, Assessing flexibility
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FAST Method

Step 1: identify flexible resource

D'SP;IECHT gl Storage Intercon nection Demand side
I I
h
Step 2: how much of
that flexible resource is The power area
available? context

Smoothing throug
Additional hical -
flexibility needs from geug;ap id
variable renewables  VRE technolog)

Existing flexibility needs

Step 3: what is the
1 (demand, contingencies)

net flexibility need?

(assuming a st

Step 4: compare need
with available resources

L

Optimise availability
of existing flexible resource.
If necessary, deploy additional
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Each case Is different

Area size Interconnection N°. of power Geographical Flexibility of Grid
(peak demand)  (actual and markets  spread of VRE dispatchable strength
potential) resources generation

(G3 and o ad |\
(GB and IR)
Mexico . . o “ \
Iberian Peninsula . S ”\V
(ES and PT) . ——
Nordic Power Market . s o m %
= @ e x
o Canad ® = @ X
(of Canada Maritimes) T
e @ @
on @)  — @ o
Island (generic) @ —— 0 m %
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FAST results

100%

PVP (present VRE Penetration Potential

of gross electricity demand)

United States
West (2017)

NBSO area
(of Canada)

Great Britain
and Ireland

Spain and
Portugal

O
O
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., Example for discussion

M The fictional countries of Rigoria and Lentesco

© OECD/IEA 2011



Rigoria
@) city  Densely populated
» 95% grid connected
 Previously independent
| 500km | provinces now federated

» Temperate to arid

Prevailing

wind

Lentesco

 Sparsely populated
» Heavily agricultural



B \/\/orst Case

1 1. Let'simagine an INFLEXIBLE system
I Minimal presence of flexible resources
I Minimal availability for balancing VRE

B e 2. Now we introduce VRE plants in such a way
that output variability and uncertainty are
likely to be high

I (l.e. we do it in the wrong way)

=== © OECD/IEA 2011



Bl Best Case

1 1. Now imagine a FLEXIBLE system
I Maximal presence of flexible resources
I Maximal availability for balancing

= e 2. And introduce VRE plants in a way that will
bring minimum additional variability and
uncertainty to the existing system

=== © OECD/IEA 2011
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Wind and PV penetration in Germany

-I?TEHHET

CTENnET 150

Average for DE: 8%
Wind: 6%
PV: 2%

50Hertz /Amprion TenneT Germany

| 01/01/1 07/09/1 25/04/11 08/05/1 08/05/11
Date & time 1 1 13-00 1 13:00
06:00  14:00 ' 13:00 '
Wind 6383 2404 54 5034 8070
PV 0 1517 1793 5987 12 627

Load (MW) 5145 11082 4617 6876 34 435
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.4 7 Encourage system operation to evolve
= 3. Open up the power market

BS=  © OECD/IEA 2011



., Getting the infrastructure right
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Holistic infrastructure planning

n DE: 2010 Energy Concept: system-wide planning

I Wind energy no longer viewed in isolation
w All grid needs
w Conventional and renewable plants
w Additional flexibility

® N DK: Energy Strategy 2050

n EU: 10 year Network Development Plan of all

European TSOs f o

I Advance warning of weaknesses .

-, g
B A e LRt 1
: Sl el Wt
g 5 B i
- i

¥ iy ;-' 1
il i Al
2 i 2
e e
o "‘{“
il L iR :
5
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Statutory grid development

n 2009 Power Grid Expansion Act (EnLAG)
I HV electricity highways to manage congestion

\ @( n 2011 Grid Expansion Acceleration Law (NABEG)

I Reduced planning and permitting delays
w Present 10 years to 4 years max

n Plan to develop Federal Requirement Plan for
Transmission Networks

I Informed by EU Ten Year plan
I May be legally binding

- © OECD/IEA 2011



Statutory unbundling

n Until 2010, the German “big four” utilities
(E.On, EnBW, RWE and Vattenfall) owned both
the grid and the majority of generation capacity

§ Vattenfall sold to Elia and IFC Infrastructure
§ E.On sold assets to Tennet

I RWE sold 75% of Amprion to a pension fund
consortium managed by Commerz Real

| ' n Only EnBW remains bundled
- I Owned by state of Baden-Wurttemberg

- © OECD/IEA 2011



Public support for transmission

n German population environmentally aware,
relatively wealthy

) s = I But who really wants new transmission pylons?

%f n Public support campaign in Energy Concept
P I To Build understanding that more VRE = more grid.

= 1 New website launched by TSOs
e I Range of new-build scenarios
aPresentation of first grid development plan in June

n Compensation for new-build hosts?

- © OECD/IEA 2011



Innovative transmission technology

n Flexible line management based on line
temperature monitoring

I Coincidence of need for carrying capacity and wind
output

d n High temperature aluminium conductors
I More capacity on the same pylon size

"= n Cables instead of overhead lines

I Danish Cable Action Plan 2009
w Undergrounding of entire 132kV — 150kV grid by 2030
w All new 400 kV (highest voltage) lines
w Probably all distribution network too

- © OECD/IEA 2011



. Evolved system operation
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Effective system management

n Single grid entity
=2 I Merger of ELTRA and ELKRAFT
J<<F— 1 Eastand west recently connected

n 100% state-owned

I Controlled by Ministry of Climate and Energy
w Key driver towards government target of 50% wind by 2020

I No conflict of interest
w Extension / reinforcement delays minimal
n Energinet has responsibility for market operation
(with other Nordic TSOs)
I Can develop market to reflect needs of VRE
I Can address congestion signaled by the market

- © OECD/IEA 2011



Supportive RE power plants

n Distribution (low voltage) grids are usually not
actively managed... But more and more plant
Is installed at this level

I DE 2011: remote curtailment ceiling lowered from
100 kW to 30 kW — mainly due to PV proliferation

== n From village orphan... to pillar of the
" community

I New German wind and PV plants are required to
support the grid; Incentives to refurbish older
plants too

I In Denmark since 1999 on HV grid

- © OECD/IEA 2011



Supportive RE power plants 2

Possible A Fower : Possible

Absolute Power Limitation

Balance Control

time time

> >
I Offshore wind farms in Denmark may have to curtail in
a number of ways

I If given advance notice, they will not be compensated

A FPower Possible A Power Possible

/-Aiﬂ\

Power Rate Limitation

Delta Control
fime firre

> >

© OECD/IEA 201 Source: EWEA 2005



Sufficient flexible resources

n German fund encourages new-build fossil plants
to use most flexible available technology

I New generation of super flexible gas plants — GE
Siemens, Alstom

I To be more complementary with VRE output

B 1 CHP plants
’ I Larger heat storage — to decouple heat and power
production

I Electric heaters can take advantage of surplus cheap
electricity
w Danish tax on electricity use in CHP reduced in 2008

- © OECD/IEA 2011



Smarter network management

" 'n EUR 30 million to support EV charging stations
- n All meter installations after 2015 to be smart

<i<l > meters
N n Bornholm: 50% wind

P © OECD/IEA 2011



., Opening up the power market
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Where feasible, trade

I Future Danish
Interconnectors: Skagerrak 4
(NO), COBRAcable (NL)

! Shared wind farm / offshore
grid at Kriegers Flak

As weather front
moves south, flow

; © OECD/IEA 2011



Market coupling

n Buying electricity is only the first step
I Electricity is consumed as it is produced — after the
buy / sell transaction
= n It has to be able to flow to where it has been

bought
I This used to mean explicit auctions of transmission
capacity
I In a coupling, these one-off flows are managed as a
whole by the TSOs

I Removing need for explicit auctions
~  afaster and more efficient — a facilitator

88 A Cheap electricity flows more easily to higher
£ price areas

- © OECD/IEA 2011




lll European market couplings

Nordic market
splitting

Central and West
European Market

Coupling Interim Tight

Volume Market
Coupling
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Flexible power market

n EPEX (FR,DE,AT,CH): 33% of European power

I 25% of German power

I Intra-day trading grew 500% in the three years to
2010.

I Needs resulting from wind forecast uncertainty to be
traded on the intra-day since 2011

§ Gate closure times reduced to 45 minutes ahead In
both day ahead and intra-day markets

n Balancing market (after EPEX closes)
I Now all tenders disclosed through online platform
I Secondary reserves common across all 4 areas

- © OECD/IEA 2011



Flexible power market 2

n 75% of Scandinavian electricity traded through
S Nord Pool (45% in 2006)

J<=F— 1 Dayahead and intra-day

" %( n Negative prices (20 — 100 hours pa)

I Permitted since 2009, replacing floor at zero

I Producers reduce or pay to generate

I Large consumer incentive to consume accordingly

n Nordic Operational Information System
I (Outside Nord Pool market)

I Immediately needed flexibility (up to 15 minutes
ahead) can be traded over the whole Nordic area

I Offers are managed by the TSOs

- © OECD/IEA 2011




A Integration economics
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Balancing costs

2009 USD/MwWh

0 | |
0% 10% 20% 30%
Penetration of gross energy demand
e UK (ERC) s JSA (EWITS) === Finland (GreenNet) @ Germany (DENA)
m— EUrope (EWIS) Sweden (CreenNet) — Norway (GreenNet)

Differences: conventional portfolio, geospread, interconnection,
storage, market design, system operation...
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Transmission costs in China

E- C. newly approved capacity
. B: capacity under construction
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Wind cost without transmission

225 ~ - o
- Western Mongolia
180 -
135 1 Kiangjiangi
Eastern Mongolia
= 90 5 |
= : :
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@ ! Heibei:
T 45 - 5
[ H
o ; 5
I ; : ,
@ e Jiangsu
= 0 -

0.25 0.30 0.35 0.40 045 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 090 095 100 1.05 1.10
Feed-in tariff (CNY,/kWh)

® The gradient of the curve reflects where the cheapest wind is
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. and with transmission

225 .
Western Mongolia
180 1
Gansu é
135 1 Xiangjiang
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Eastern Mongolia
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Feed-in tariff (CNY/kWh)

® The gradient of the curve reflects where the cheapest wind is
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