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Outline

Liberalisation and regulatory authorities
RES integration in the Arab region

RES integration in the EU
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Liberalisation

Authorisation regime

Unbundling — functional/legal/ownership
TPA — negotiated/regulated
Liberalisation — partial/full

Consumer protection

Regional integration
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NRA

Designation and Independence
General objectives
Competences

Enforcement

Accountability

Regional cooperation
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NRA independence

Legal framework
Independence of the board

Sufficient human and financial resources

Judicial review
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NRA competences
- Tariff setting
- Networks rules and standards
- Market monitoring
- Access to information
- Consumer protection

- Unbundling

- Environmental sustainability
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RES benefits

Reducing dependence on imports
Long term energy security
Meeting growing energy demand
Market competition

Climate change

Rural electrification

Industrial development
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RES promotion
- Legislative framework
- Regulator
- National targets
- Promotion mechanisms

- Market access

- Tracking electricity
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Targets — North Africa

Algeria: 6% generation (2015); 15% (2020); 40% (2030)
Libya: 3% generation (2015); 7% (2020); 10% (2025)
Morocco: 42% installed power generation by 2020

Tunisia: 11% generation (2016); 25% (2030)



Targets - East Mediterranean

Egypt: 20% generation (2020) - 12% wind

Israel: 5% generation (2014); 10% (2020)

Jordan: 7% primary energy (2015); 10% (2020)
Lebanon: 12% electrical and thermal energy (2020)

Palestine: 25% energy from RES (2020)- 10% of electricity
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Targets — The Gulf States

Bahrain: 5% (2020)
Iraq: 2% generation (2016)
Kuwait: 5% generation (2015); 10% (2020)
Oman: 10% generation (2020)
Qatar: 2% generation solar (2020)
Saudi Arabia: 50% electricity non-hydrocarbon (2032)
54 GW RES, 17 GW nuclear
UAE: Dubai: 5% electricity (2030);
Abu Dhabi: 7% generation capacity (2020)
Yemen: 15% generation (2025)



2015 RCREEE Arab Future Energy Index

AFEX Renewable Energy 2015 Results
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Table 1: AFEX Renewable Energy Conceptual Framework

Category Factors Indicator Score/Measuring Unit

Utility supply authorized by law.
Utility Suppliers Utility suppliers exist in practice,
Utility suppliers of RE exist in practice.

RE third-party supply is authorized by law.
RE t_hi_r'd-par't_\,' suppii_enfs _gxist in p_ractice.
Direct export of RE authorized by law.
Direct exporters of RE exist in practice.

Priority access guaranteed by law.

Prierity access guaranteed in practice.

Priority dispatch guaranteed by law.

Prinri';_v dispatch_gqaranteed In practi_{:e.

Technical guidelines to connect distributed smaler PV systems to low-voltage grid
adopted.

Technical guidelines to connect utility-scale PV systems to medium- and high-
vaoltage grids adopted.

Technical guidelines to connect wind parks to medium and high-voitage grids
adopted.

RE targets are officially adopted as part of RE strategy or action plan by higher
political authorities.

RE Targets RE targets are formulated, but not officially adopted yet by higher political authorities
or scattered In various documents.
Mo targets are adopted.

RE Share Operational Percentage of total installed capacity (MW).

RE Projects under
Construction

Third-party Suppliers

Independent
Power Producers

Direct Export

Guaranteed Access to Grid

Market Structure

Grid Access

Grid Code for RE

RE Commitment

Percentage of total installed capacity (MW).

RE Projects under Tendering Percentage of total installed capacity (MW).

Resources identified for private development.
IPP Public Competitive Bidding Tenders announced.
PEA signed (MW,

Palicy adepted by law.
Direct Proposal Submission Proposals selected for private development.
PPA signed (MW].

Officially adopted.
RE projects implemented through feed-in tariffs (MW Installed).

Policy Framework

Feed-in Tariffs

Supporting Policies

Officially adopted.

o i RE projects Implemented through net metering scheme (MW).

Electricity Subsidies Residential Percentage of Palestinlan residential retail prices (benchmark).

Electricity Subsidies Commercial  Percentage of Palestinian commercial retall prices (benchmari).

Energy
Subsidies

Electricity Subsidies Industrial Percentage of Palestinian industrial retail prices {(benchmark).



utional Capaci

Finance and
Investment

RE
Investment

Governance Project

Financial

RE Institutions

Support

Quality

Support

Growth

2015 RCREEE Arab Future Energy Index

Independent Regulator

RE Agency

Capacity of RE institutions

Resource Quality Assessment

Land Access

Project Lead Time

Warld Bank Ease of Doing
Business _Index

Global Competitiveness Index

Bertelsmann Stiftung’s BT Status
Index

Fiscal Im':ent_lvl_es
RE Fund

Share of Private Investment

Growth Rate of Private
Investment

Established by law or similar soveresign act.
Under establishment.
Mot considered yet.

Established by law.
Under establishment.
Mon-existent.

Expert assessment from 1 to 10,

Detailed wind atlas published and available to public, Detailed solar atlas published
and available to public.

Land allocated for private development of large-scale wind projects.

Land allocated for private development of large-scale solar projects.

Rank under World Bank Ease of Doing Business Index.

GCI scores.

BTI Status Index scores.

Mumber of ﬁsca_l _Incenti'-'e_s fn_r RE pm_j_a_acts.

RE fund established by law; sources of financing are clearly defined; dishursement
procedure is clearly defined; RE fund has collected and disbursed funds.

Percentage of total installed capacity.

Percentage Increase In installed capacity of RE.



RES integration

Final Score Market Structure FmPr:I!I:rurll In;:i ;:E;:;al I;inn:er:;e“:::
Morocco 48 &6 62 87
Jordan 51 &8 58 ¥
UAE 28 38 58 40
Egypt | 43 43 50 26
Palestine 239 &0 49 24
Tunisia 23 46 46 37
Algeria 36 29 39 33
Lebanon 11 33 36 23
Yemen 12 33 25 12
Saudi Arabia 12 23 39 10
Iraq 17 24 26 16
Kuwait 12 16 44 10
Sudan 12 21 29 16
Bahrain 12 11 31 23
Syria _f'-' 16 20 29 10
Qa'l:nr“: 12 17 30 10
Libya 10 20 24 10




" SN é
Some conclusions (RCREEE)
Egypt, Jordan and Tunisia implemented energy subsidy

reforms in the electricity. Along with Morocco, Sudan and

Yemen all six increased prices of oil products.

More than 2,500 MW of renewable energy projects under

construction. 2,500 MW under tendering.

Tunisia and Jordan implemented net metering and installed

more than 30 MW of distributed generation.

Morocco and UAE advanced in their IPP public competitive

bidding of large-scale solar projects.
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EU Energy and Climate Policy 2020 é

By the year
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60%. Share of renewable energy [ Additional step to meet the 2020 target
in total energy mix (in %) Bl 2005 levels
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2015 European Commission RES Report

25 EU countries to meet 2013/2014 interim targets

In 2014 share of RES in the gross final consumption 15%
2020 RES target — 326Mt avoided CO2 (2012) and 388 (2013)
Reduction EU demand for fossil fuels 116 Mtoe (2013)

2014 share of RES in transport is 5.7% (2020 target feasible)
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2015 CEER Status Review RES

Electricity volumes receiving RES support
Expenditure on RES support schemes

Market integration
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RES-electricity support per unit of gross electricity produced (2012)

Euro/MWh




2013

Weighted average support level by technology (€/MWh)

Minimum
support

10.56

17.54

6.27

B.42

10.56

10.56

10.56

Maximum
support

147.25

201.31

96.12

113.30

448.04

84.27

194.51

Weighted
average

across 21
countries

110.65°°
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Market integration

‘RES electricity channels to market: same as non-RES or
through suppliers or system operators

-Financial responsibility for imbalances: as non-RES, or more
flexible, e.g. offshore wind, only hydro >10 MW...

‘RES connection non-discriminatory and granted priority or
guaranteed access and priority dispatching

-Charges when connecting and using the grid (generators
pay or generators and operators share the costs)
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Shortcomings

National schemes hinder market integration and reduce

cost-efficiency

Affects competitiveness of other energy sources (i.e.

backup)

RES benefits to be exploited in a market-driven way
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EU Climate and Energy Framework 2030

40% GHG — main target, should encourage other targets
27% RES — EU target, greater flexibility nationally

27% Savings

New governance — national plans for competitive, secure

and sustainable energy
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ernesto.bonafe@encharter.org
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Estimated Renewable Energy Share of Global Final Energy Consumption, 2013

Fossil fuels
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Muclear power

Estimated Renewable Energy Share of Global Electricity Production, End-2014
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World Electricity Production
from All Energy Sources in 2012 (Twh)
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17%

Total = 21016 TWh
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World Electricity Production
from All Energy Sources from 1980 to 2012 {TWh)
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Annual solar Irradiation (kWh/m?2)
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Global Direct Normal |Wind - Full Load | Geothermal -

Horizontal Radigtion Hours/year

Imadiance (kWh/m?/year)

(kWh/m?/year)
Algeria 1970 2700 1789 A3
Bahrain 2160 2050 1360 100
Comoros N /A /A M/
Djibouti N/A N/A N/A M/A
Eaypt 2450 2800 £004 180
Irag 2050 2000 1789 100
Jordan 2320 2700 1484 100
Kuwait 1900 2100 1605 100
Lebanan 1920 2000 176 100
Libya 1940 2700 1912 100
Mauritania N/ N/A M/ M7A
Morocco 7000 2600 2708 281
Oman 2050 2200 2 464 100
Palestine N/A N/A N/A N/A
Qatar 2140 2200 1421 100
Saudi Arabia 2130 2500 1789 275
Somalia N/A N/A N/A MAA
Sudan M /A /A M
Syria 2 360 2200 1789 100
Tunisia 1980 2400 1789 188
UAE 2120 2200 1176 100
Yemen 2250 2200 1483 295

Source German Aerospace Centre (2005)
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Groups of interconnected networks in the neighboring and ESCWA region
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Onshore wind Utility PV STE Germany
67-100
S/Mwh

Turkey
73 5/Mwh

USA

Egypt
48 5/Mwh
UsA

' 41 $/MWh
China
80 - 100 $/MWh
75 5/MWh ; .
Chile BRY A ‘ Diskas \
87 4/MWh . Sl 60 $/MWh

Brazil ‘ - s Austrana
81 5/MWh ; 65 5/MWh

Brazil South Africa

54 5/MWh Marocco South Africa

Base 124 5/MWh

160 3 Mt Peak 335 5/MWh

51 $/MWh
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Cost of installed kW for electricity generation from renewable energy
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Cost of kWhr from renewable energy
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Ingenieria y Construccion

Wind Energy in Spain

Installed Power (31/12/2013) e

44%

Carban imponado y resto
nacional

Sistema 0.5%
peninsular
(MW

Témmica renovabie
1.9%

[ \Sclar
Fuente: REE Solar Fotovoltaica
31%

Termica
1.7%

2013 Production (total 260 TWh: Wind 54,3 TWh)

= First country in Europe in production, 2nd in capacity
=  Wind Power instant coverage record Dec, 25th, 2013 2:56AM: 68.4%
=  Wind Power monthly coverage record.Nov,2013: 31%
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* Connection to the grid: October 2010 ffﬂfﬂfﬂﬂ L"ﬁ-&f
= DM higher than 1000W/'m? is very often I
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Efficiency n, %

Cigol (8 (Bine 5,0 <5 sLSIL 3 Seaall 38l mans Ky 4 suim4eSH LIAN@
«STC Standard Testing Conditions - <= la Lualle Laaaas &5 :d 8
LAY 5 a8 laial Al 4 jaill cagyk a

poall il bl s Gall iy sads glasdi-

i \_‘\
4 5 | e-Si-module, BP505 |
4 \“
12
& CIGS-p ulutype inodule, ZSW
0 L[ o-Siawcdule. triple lunction, Uni-Solar | L ———
6
4 _ Efficiancy ve. Temperature
1 [arG, = 100 wm® ann am =14
94 o | ranstormed Measurements
] Model
0 12 T 1§ Y 1 T * a2 v
0 10 20 30 40 50 60 70

Page 36

Cell Temperature 9, °C
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Efficiency reduction rate with the increasing per 1 °C cell temperature of PV module of different investigations.

Authors, year, time and location Iradiation (Wjm’) Operating temperature  Ffficiency (¥) Maximum Reduction of
() ambient elﬁumqr{%]per

Experiment location Mg Apesk  Arsrtg  Apesk  Arsttng Apesk oo (O :;If["""‘“‘e;]“:
piod  period  peiod  period  peiod  period T

Bahaidarah et al. [13] February 2012, 240 m B # 157 B2 2 003

KFUPM, Dhahran, Saudi Arabia

Latitude 26°18'N, longitude

S0°08E

Chandrasekar et al. [14] April, 2013, 600 w3 65 103 L 1) 0%

Anna University, BIT campus,

Tiruchirappall, India. Latitude

10739'N, longitude 78°44'F

In the current investigation, (2015) 1000 00 32 81 18 45 bij 006

Page 38 © Copyright 2014 ESCWA. All rights reserved. No part of this presentation in all its property may be used or reproduced in any form without a written permission



ABUal) (pe Aadiall ABUAML Al yeSl culSadl) Ade0 cilbaad g Ll SN
-5- LA d3la ¢ daadd)

Gl g 3yl & drans¥) L8 5N (e 790 25an 68 ¢ LAY anlE ae 308 5 36 LI jealissl -
LAl sha (e 430 25-20 s e 22 480 230 (A diall aldaiV) 4 e g ¢ Y

Module power reduction over the years
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Large Scale Solar PV Park Topology CONVERTEAWM

Very Large Scale Solar PV Park Topology 1 CONVERTEAM
=L ]

® Large Scale PV Plants connected to an existing Interconnected grid
" PV Plant capacity compared 1o Grid
" Suppeaing or notthe Grid
" Active and Reactive Power Management

* Very Large Scale PV Plants near the Grid {few kms)
® Require Strong Grid or create its own Grid
* Suppomtingthe Grid
* Managethe Reactive Power

® Short storage capacities ® Potential storage capacities
* Isolated Large Scale PV Plants Fam kit >> 100N
® PV Plantto be connected to awn Gnd ey . SatCery
* Managementof own Active and Reactive Power m 2 <
* shoftandiongtem Enecay Storage capacities G L
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Past and Present " Future Wind
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Integration into Combined Cycles
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Scolnova SOMW Plant Configuration
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GEMASODLAR, the world's first solar thermal plant
consisting of central tower technology and salts receiver

GERASOLAR, with o namaplate powar of 17 MW, wil ba the first commaruisl plant
in the world with haliostats, cantral tower and moiten salts raceiver tachnalogy

Key utions h Suntight
* Bagrand more umerous hlostts Torresol Energy
= Recerver thermal powss Increased by three £ ¥
SESEEE L s e e b = reinventing solsr power
* Molten salts storage thermal system with up Sunlight . 9 p
10 15 NoUrs capacity without sunkght :f:'v;:l‘dc
pdediend ocanon @]
2,850 helestats Jr— T
e w&mmm location, high direct
o J sun radiation annual
50 a5 to reach the prisfoiiaal
?"r:"ﬂ&'" registered, desides
gathering excellent
weather conditions

for the plant
oparation

BENEFITS @

= Salw um clewn eoergy that preserves the
environment thinking af huture ganerations
« 25,000 Tiawsa holds nergy supply capacity
= Energy efficioncy that Quaranties eiectrioal
ign for around 6,600 houss per year

= More than 30.000 0 ewmissions tuws
sved every year

%, In the suniignt

€ (oceive, the saits
heat up and
descend fo he hot
sakts tank wharg
they are stored at
mare than 500°C

OPERATION PROI

Sunlight Safts ara
purmped
10 tha top
Y of the tower

The steam moves the trbine
and the gansrator that produces:
the edecirical energy

s Whenthe salts fose
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Site selection: solar technology requires more space....

Large captital nvestment: 2000 — 5000 €/XW (dependent on technology, storags, ...)
Few data about operation and maintenance

Long start-up times (2 — 3 hrs)
Location is critical

Central receiver
Lots of space needed & ha/MwW

Paraboiic Trough
2.52 ha/MwW

Dish Engine
1.5 ha/MW
Note: Wind: 30 ha/MW

R
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Introduction
RES potential - Solar

X

Global horizontal irradiation Global horizontal irradiation Africa and Middle East
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Introduction
RES potential - Wind

European
wind speeds

50m above ground level (ms-1)

B 55-100

1§ =t

7.0-85

<71.0

10 metres per second =
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In 2011

Top countries in RE installations

Geothermal

Wind

Biormass

@ China @ United Statas & China & Garmary Spaln @ Linited States
@ Brazi @ Phillppines @ United States | | & ltaly Adfited States N\ | | @ Brazi
& United States € Indonesla £ Germany £4 Japan / Algerla,.n"Egy'pt.-'Mummh € Germany
& Canada £y Maxico £3 Spain £» Spaln \ Iran } & China
& Russlan Federation & Ialy & India & United States Eia 4 & Japan
o

- Source EIA, Bloomberg New Energy Finance, revised 2013




In 2013

Top countries in RE installations

Hydropower

@ China @ United States 2 China ﬂ United States
.E Brazil Uinited States . # Philippines | | & United States | 8 Germany .
_E United States ) United Arab Emirates € Indonesia € Germany © China

€ Canada 0 India @ Mexico ) Spain . & Brazil

& Russia & United States _ W B ltaly B India B India

° °
| Sources: REN21 *Grid-connected



Regional Initiative to promote RE

Pan-Arab Strategy for the Development of RE Applications:
2010 — 2030

« Objective:
“tap info the region’s significant RES to supplement the
existing electricity supply™!.

« Scope:
The electricity sector.

* Implementation:
The Arab Renewable Energy Framework (AREF) provides
guidance to the Arab countries in developing their
medium to long-term national RE action plans (NREAP).

e 'Pan Arab Renewable Energy Strategy 3



Process Outline ....

Projects Projects
Development Implementation

Producers

Financiers




RE Policy Making




RE Policy Making

Definite target as % of the
electricity from RES by
certain year




RE Policy Making

v

Choice of policies /

Generation-based (kWh)
Feed-in systems Quota obligations
. Fiscal measures - Green pricing
- Tendering systems - Fiscal measures
. (Subsidies) :

Supply-side Demand-side
[nvestment subsidies Quota obligations
. Fiscal measures
Capacity-based (kW)
([




RE Policy Making

v

Getting the prices right:
|+ Detailson cost . Taxlevels
« Tarifflevels . Inflation rates

Inappropriate instrument design either leads to failure in achieving
the targets or — if the support level 1s too high — targets could
possibly be met at the expense of welfare losses for the whole
economy.



RE Policy Making

*

L implementation il - Institutional setup

« Drafting of laws and
regulations
" « Assignment of responsibilities




RE Policy Making

* Monitoring of actual
developments

« Measuring contribution to
target achievement

« Re-assessing policies

« Adjustment of targets,
strategies, policies and
instrument design




Legislative, Regulatory & Economic
Considerations

There are different considerations that need 1o be
considered in setting up the different strategies that
support the chosen policy

« Legislative

« Regulatory

« Economic
Further more:

« Technical

* Financial

* Risk Assessment



[. Legislative Considerations

Setting adequate legislations is a major success factor.

The following considerations must be cogitated:

« Legislations must have clear objective and

scope

A law is not a detailed document, it determines
and reinforces basic principles .. bylaws and

regulations are detailed and explanatory

« Cross cutting legislations must be neither be

scattered nor overlapping



[. Legislative Considerations

Interrelated issues between multiple legislations
must be clearly stated, referred to, or at least

concerted to avoid confusion and contfradiction

Possible interrelated issues usually occur between

Investment law, Taxes law, ..etc.

Reconciliation arficles are often very useful
especially when implementation of some schemes

precedes issuance of the legislations



[. Legislative Considerations

Legislations are not targets in themselves, they
must reflect the market needs,
thus
Legislations must not only be in place but also

they have to be enforced



I1. Regulatory Considerations

Regulations are basically the way the legislation is enforced by

regulators

Regulations are specific, informative, transparent, and non

discriminating

They are more subject to change than laws; being easier to

adapt to new market conditions

Although regulations are binding, they are not necessarily of

legal nature. Examples of different RE regulations include;

O

O

O

Licenses (legal aspects)

RE pricing (Financial and economic aspects)

Power Purchase Agreements, contracts (contractuadl
aspects)

Technical codes (Technical specifications)



II. Regulatory Considerations

The following are crucial issues for consideration:

RE planning is an integral part of the power system
planning (not imposed on it)

Long term planning is crucial because RE projects have
long economic life

Electricity sector/market structure, Electricity prices
Lack of stakeholder involvement in decision making
Insufficient coordination between relevant authorities
Monitoring of actual developments and measuring

achievements against certain benchmarks



III. Economic Consideration

« The levelized cost of electricity produced (LCOE) is a key
metric that measures the economic feasibility of RE
projects (in addition standard economic metrics, such as
installed rated power, the market price of energy and

the interest rate)

* |t is considered a maqjor criteria for RE policy selection,

namely the choice of the type of technology.

 The LCOE is calculated as the present value of periodical
costs of an RE power plant divided by the present value
of the respective periodical electricity generation from

* the plant.



ITII. Economic Consideration

« The LCOE of a power generation technology reflects

multiple factors:

O

O

O

resource quality,

equipment cost,

capacity factor,

the balance of project costs,

fuel costs (if any),

operation and maintenance costs,
the economic lifespan of the project,

and the weighted average cost of capital (WACC).



ITII. Economic Consideration

* In proving their economic feasibility, RE projects are
assessed with respect to either the retail cost of electricity
or the wholesale market (utility scale).

* Providing RE fiscal incentives shall add to the economic

advantage of the RE projects.



IV. The Egyptian Case: Dealing
with challenges

« Legislative challenges
« Regulatory challenges

 Economic Challenges
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Marwa Mostafa Mohamed
Head of Planning Dept.
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Fax + (202) 23423482
E-mail marwa.mostafa@egyptera.org,
marwa_mostafa75@yahoo.com
Website www.egyptera.org ol
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REQUIREMENTS FOR RES

IN THE FUTURE EUROPEAN GRID CODES
DRAFTED BY ENTSO-E

1. Why Grid Codes and Who is ENTSO-E?

2. Challenges ahead relevant to RES
requirements

3. Technical requirements for RES
connection to the grid

4. Connection procedures and compliance
monitoring
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WHY GRID CODES AND
WHO IS ENTSO-E?
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Grid codes or equivalent are required by
DIRECTIVE 2009/72/EC at least at national
level

The regulatory authorities where Member States
have so provided or Member States shall ensure that
technical safety criteria are defined and that

technical rules establishing the minimum technical
design and operational requirements for the
connection to the system of generating installations,
distribution systems, directly connected consumers’
equipment, interconnector circuits and direct lines
are developed and made public.

Those technical rules shall ensure the
interoperability of systems and shall be objective and
non-discriminatory.

ESCWA CAPACITY BUILDING WORKSHOP, AMMAN, JORDAN, 2-3 SEPT 2015 International



REGULATION (EC) No 714/2009 on conditions for access
to the network for cross-border exchanges in electricity

Moreover, the EU Commission requests ENTSO-E to develop network
codes covering the following areas, taking into account, if appropriate,
regional specificities:

(a)network security and reliability rules including rules for technical transmission
reserve capacity for operational network security;

. (b)network connection rules;

. (c) third-party access rules;

. (d) data exchange and settlement rules;

. (e) interoperability rules;

. (f) operational procedures in an emergency;

. (g) capacity-allocation and congestion-management rules;

. (h) rules for trading related to technical and operational provision of network access

services and system balancing;

(i) transparency rules;

(j) balancing rules including network-related reserve power rules;

(k)rules regarding harmonised transmission tariff structures including locational
signals and inter-transmission system operator compensation rules;

(Denergy efficiency regarding electricity networks.

ESCWA CAPACITY BUILDING WORKSHOP, AMMAN, JORDAN, 2-3 REteernotionoL
SEPT 2015



- Grid codes or equivalent : main features

They are publicly available sets of rules for developing and
operating network following principles of transparency and non-
discrimination

- They apply to TSOs and DSOs (planning and operating rules...)

- They apply to grid users and service providers (connection of
generators, consumers, interconnectors; exchanges of information...)

- They define common processes (metering, ancillary services)

- Requirements are brought together in a single code or
can be split in various regulations or various levels of regulation
(case of France)

- Public consultation is largely used for establishing and
updating network codes.

Fia
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Who is ENTSO-E ?

ENTSO-E, the European Network of Transmission System Operators:
41 electricity transmission system operators (TSOs) from 34
countries across Europe.

ENTSO-E was established and given legal mandates by the EU’s
Third Legislative Package for the Internal Energy Market in 2009,
which aims at further Ilberallsmg the gas and electrlcny markets .in
the EU. o &

ENTSO-E promotes. claser cooperatlon across -EurOpe s. TSOs to
support the mplemenﬁ,_;"ﬁ“i’ 9% of EU energy policy ‘and achieve
Europe’s energy & cllmate p@llcy ebjectlves, Whlch are changmg the

very nature of the pawer sy,sttem ’

entso®@

Reliable Sustainable Connected




Who is ENTSO-E ?

The main objectives of ENTSO-E centre on the integration of
renewable energy sources (RES) such as wind and solar power into
the power system, and the completion of the internal energy market
(IEM), which is central to meeting the European Union’s energy policy
objectives of affordability, sustainability and security of supply.

The drafting of network codes is one of the maln contrlbutlons of
ENTSO-E to the achlevement of these objeetlves i

entso®@
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The Draft European Network Codes

Connection codes

e Requirements for generators

e Demand connection

e HVDC Connections and DC-connected Power Park Modules
Operational Security

e Operational Security

e Operational Planning and Scheduling

e Load Frequency Control & Reserves

e Emergency and restoration

Market network codes or regulations

e (Capacity calculation & Congestion management
e Forward Capacity Allocation

e Electricity Balancing

Fia
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CHALLENGES AHEAD
RELEVANT TO RES REQUIREMENTS

10
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The European electricity system is
going through a period of
unprecedented change.

The generation mix is changing fundamentally, the potential for
the demand side to become much more involved is vast and the
market is becoming genuinely pan European. For Europe to
achieve its trio of objectives of ensuring and enhancing security
of supply; creating competitive markets; and facilitating the
transition to a low carbon economy there will need to be a
significant change in the role of network users, of
Distribution System Operators and of Transmission System
Operators.

It is becoming increasingly important that all types of users
(i.e. generation, demand, distribution networks, and
interconnections) play an active role in providing the
capabilities and services which are needed to maintain
the security of the pan European transmission system.

Fia
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Increasing the controllability and
the flexibility of all power system
elements, including RES

Operating conditions with the highest RES injection (typically in
windy / sunny conditions with moderate demand) present
major system challenges, particularly where the high RES
penetration extends to a total control area or even more if
covering a total synchronous area.

The move towards a more RES dominated system implies a
gradual diminution of the large scale generation connected at
EHV level and this will be further compounded by this
generation having much reduced running hours compared to
today’s levels particularly at times of favourable RES generation
conditions

The main answer to this is to increase the controllability and
the flexibility of all power system elements, including RES, to
deliver a power system which can react and cope better with
the volatility of RES.

ESCWA CAPACITY BUILDING WORKSHOP, AMMAN, JORDAN, 2-3 SEPT 2015 International
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Technical challenges ahead related
to stable operation of the power
systems

The three main new or expanded technical challenges ahead
related to stable operation of the power systems are:

* Frequency management
- Voltage management
 Fault level (system strength) management

Fia
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Frequency Stability

Frequency Stability is significantly impacted by the rapid
increase of RES generation both through the variability of
generation patterns (driven by wind speed and solar
irradiation) and reduced system inertia as large
conventional synchronous generation is replaced by non-
synchronous convertor based RES generators.

To compensate new response and reserve strategies are
required with more particularly RES generation having to
be resilient to wider frequency ranges and provide new
capabilities (fast frequency response and system inertia,
frequency sensitive mode for large parks...).

Fia
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Voltage stability

At transmission voltages, voltage management needs to
be ensured in areas remote from main centres of RES
installations during times of high RES production when
conventional generation, which has traditionally provided
this service, being displaced;

Voltage stability would be compromised if the increasing
levels of generation connected at distribution voltages
are unable to provide the necessary reactive power
support. There are also economic benefits in providing
voltage support at a distribution level (close to the
demand) rather than from centralized sources connected
to the transmission system.

Fia
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Fault Ride Through (FRT)

Small levels of RES generation (geographically dispersed) are
unlikely to significantly impact the secure operation of the
system should they shut down simultaneously. However, as the
levels of RES increase it is of increasing importance that a
single system event should not result in the large scale shut
down generation. RES generation needs to be resilient to
system faults staying connected (and generating) during the
initial voltage transients (as conventional generation does
today).

Fault level (system strength) management shall be possible in
context of rapid changes from high system strength during low
RES production to extreme low system strength during high
RES production, when synchronous generation is displaced (not
operating).

Fia
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Remote Control of distributed
generation units

Remote Control of distributed generation units is a highly
relevant requirement in the modern electrical network. In
this sense, there already exists a very successful
experience in Europe with the Spanish CECRE.

The control capability is foreseen to include active as well
as reactive power regulation in order to support grid
stability as well as online reconfiguration. Functionality
like on the fly reconfiguration is foreseen to be essential
for implementation of Smart Grid solutions in the near
future, an added enabler for further RES integration.

Fia
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TECHNICAL

REQUIREMENTS
FOR RES CONNECTION TO THE GRID

(Onshore connection)

e ESCWA CAPACITY BUILDING WORKSHOP, AMMAN, JORDAN, 2-3 SEPT 2015 International



ENTSO-E Network code — Requirements
for generators

The RfG code :

e sets requirements for connections to the
grid for Power Generating Facilities,
including Synchronous Power Generating
Modules, Power Park Modules and Offshore
Generation Facilities (AC connected).

e defines the operational notification
procedure for connection to the grid.

e defines compliance criteria & derogation
processes.

Fia
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What does RfG NC cover?

The network code sets out the technical requirements
that all new electricity generators must adhere to. The
requirements depend on the size of the generator —
with the smallest facing only a minimum set of
requirements and obligations, gradually building up as
plant size increases. The requirements clearly set out
the tasks and responsibilities for generation owners and
network operators (TSO and DSOs).

They determine procedures to ensure non-
discriminatory treatment of generators across Europe
and are based on realistic future generation/demand
scenarios based on the development of large volumes
of renewable energy sources (RES) in Europe.

Fia

ESCWA CAPACITY BUILDING WORKSHOP, AMMAN, JORDAN, 2-3 SEPT 2015

International



21

What does RfG NC cover?

The Network Code on Requirements for Generators (NC RfG)
identifies four classes of generators to which the regulation
will apply (type A, B, C, D). These are categorised by size,
with type A covering the smallest generating units (anything
above 800W) and including technologies such as solar panels
installed on the roof of a house or a small wind turbine.
Requirements increase as size increases, with type D applying
to the largest plants connecting to electricity transmission
systems.

Type A generators have to meet the most basic set of
requirements, focused on frequency stability. The
requirements increase progressively; for example, type D
generators will have to meet most of the requirements met by
a type A, B and C generators in addition to other specific
requirements.

Fia
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What does RfG NC cover?

Two large categories of generation exist,
rotating machine generation and power
electronic interfaces.

For each category, specific requirements are
set out (requirements for Synchronous Power
Generating Modules and Power Park Modules).

In RfG NC, specific considerations for a given
technology can be dealt with at the national
implementation level.

Fia
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Classification of Power Generating
Modules

Type A Type B Type C Type D

Conected below 110 kV above 110 kV

maximum capacity threshold:

0.8 kW 1 MW 50 MW /75 MW

or more or more or more or more
General Requirements for Additional Requirements for Type B, C
Type A, B, Cand D Power and D Synchronous Power Generating
Geenrating Modules Modules or Power Park Modules

Fia

International
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Will the requirements for new
generators apply to existing ones?

The requirements set out in the RfG NC will apply to
new generators. They will not apply to existing
generators unless the relevant network operator and
corresponding regulatory authority request it. For this
to happen, a clear process must be followed including
extensive analysis and approval by regulatory
authorities.

If there is a valid case for retrofitting existing
generators, the RfG NC provide a transparent process
to be followed. This involves a number of steps
including; a quantified cost benefit analysis, public
consultation and final decision by the national
regulatory authorities.

Fia
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Example

For several countries in Europe, development of the
Backfitting procedure for existing photovoltaic power plants

— “50.2Hz Problem™ to minimise the risk of splitting the
network in sub-networks and of blackout

Procedure is based on

o  Public consultation

o  Cost-Benefit Analysis

o  Detailed procedure for transmission and distribution
network operators and power generation facility
owners

In Germany, new Procedure is starting in May 2015 —
“Backfitting of RES related to 49.5 Hz Problem”

o 21000 Power Generating Facilities with an installed
capacity of 26 GW

Fia

International



REQUIREMENTS RELATED TO
FREQUENCY STABILITY
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Frequency Ranges
[Article 8 — Applicable for Power Generating Modules Type A, B, C and D
]

A Power Generating Module shall be capable of staying
connected to the network and operating within the
Frequency ranges and time periods as defined in the NC

Comments and examples : in continental Europe

Frequency ranges Time period for operation

51.5Hz< f£52.5Hz 10 minutes
51Hz<f<51.5Hz 1 hour
49 Hz<f< 51 Hz Unlimited
48.5 Hz < f<49 Hz 1 hour
47,5 Hz<f<48.5 Hz >30 minutes

Fia

International
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Rate of Change of Frequency Withstand
Capability

[Article 8 — Applicable for Power Generating Modules Type A, B, C and D
]

With regard to the rate of change of Frequency
withstand capability, a Power Generating Module shall be
capable of staying connected to the Network and
operating at rates of change of Frequency up to a value
defined by the Relevant TSO.

Comments and examples :
In Eire, ROCOF up to a value of -0.5 and +0.5 Hz/ sec

Fia

International
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* Synchronous Power Generating Modules:

Limited Frequency Sensitive Mode

(Overfrequency)

[Article 8 — Applicable for Power Generating Modules Type A, B, C and

D]

With regard to the Limited Frequency Sensitive Mode -
Overfrequency (LFSM-O) :

52

P, .tis the Maximum Capacity

* Power Park Modules:

P, isthe actual Active Power output at the moment
the LFSM-O threshold is reached or the Maximum
Capacity, as defined by the Relevant TS0, while
respecting the provisions of Article 4(3)

The Power Generating Module shall be
capable of activating the provision of
Active  Power Frequency Response
according to figure at a Frequency
threshold, adjustable  between and
including 50.2 Hz and 50.5 Hz with a
Droop in a range of 2 - 12 %.

In proposals for Turkish Grid Code, the
Frequency threshold is 50.2 Hz and the Droop is
4% unless stated otherwise by TEIAS.

Additional requirement in Turkey . Type A PGM
shall stop to provide electric power to the
network, when the Frequency is above 51.5 Hz.

Fia
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Limited Frequency Sensitive Mode
(Underfrequency)

[Article 10 - Applicable for Power Generating Modules Type C and D]

The Power Generating Module shall be capable of
activating the provision of Active Power Frequency
Response according to figure at a Frequency threshold
between and including 49.8 Hz and 49.5 Hz with a Droop
in a range of 2 — 12 %.

AP
sl nchronous wer Len in oaguies: jh P . -
- st il P In proposals for Turkish Grid Code,
the Frequency threshold is 49.8 Hz
* Power Park Modules: = . )
P,y is the actual Active Power output at the moment and the DfOOp 1S 4/0 Un/ess Stateal
the LFSM-0 threshold is reached or the Maximum OtthW/S‘e by TE]’A 5

Capacity, as defined by the Relevant TS0, while
respecting the provisions of Article 4(3) -

|
=& T
S

Fia
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Frequency Sensitive Mode (1/2)

[Article 10 - Applicable for Power Generating Modules Type C and D]

The Power Generating Module shall be capable of providing
Active Power Frequency Response with respect to following

figure and in accordance with the parameters specified by
the TSO within the following ranges (see table)

A AP

Parameters Ranges
Pmax
Active Power range related to 1.5-10
Maximum Capacity %
=i 10— 30
Pmax
Frequency Response mHz
5 Insensitivity 0.02 -
I I I I I I I I I I > 0-06 %
o 0-500
f Frequency Response Deadband
" mHz
|AR| Droop 2-12%
P
Active Power Frequency Response capability illustrating the case
of zero deadband and insensitivity. Rte
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Frequency Sensitive Mode (2/2)

[Article 10 - Applicable for Power Generating Modules Type C and D]

As a result of a frequency step change, the Power Generating

Module shall be capable of activating full Active Power Frequency
Response, at or above the full line according to following figure in
accordance with the parameters specified by each TSO within the

following ranges (see table)

Parameters Ranges or
values
Active Power range related to Maximum Capacity
1.5-10%
(Frequency response range)
Maximum admissible initial delay unless justified
. . . . . 2 seconds
otherwise for generation technologies with Inertia
Maximum admissible initial delay unless justified as specified
otherwise for generation technologies without by the

Inertia

Relevant TSO

Maximum full activation time

30 seconds

32
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Synthetic Inertia to a low frequency

event
[Article 16 — Applicable for Power Park Modules Type C and D]

The Relevant TSO has the right to require a Power Park
Module, which is not inherently capable of supplying
additional Active Power to the Network by its Inertia and
which is greater than a MW size specified by the Relevant
TSO, to install a feature in the control system which
operates the Power Park Module so as to supply
additional Active Power to the Network in order to limit
the rate of change of Frequency following a sudden loss
of infeed.

The operating principle of this control system and the
associated performance parameters is defined by the
Relevant TSO.

Fia

International



FAULT RIDE THROUGH
(FRT)



Fault ride through capability

[Article 8 — Applicable for Power Generating Modules Type B, C and D
]

Each TSO defines at national level a voltage-against-time-profile
at the Connection Point for fault conditions which describes the
conditions in which the Power Generating Module shall be
capable of staying connected to the Network and continuing
stable operation after the power system has been disturbed by
secured faults on the Network.

1.0 proposals for Turkish
0.9 Ugecty | Grid Code:
Voltage-against-time-
profile (symmetrical

and asymmetrical
faults)

In particular cases,
TEIAS can extend the
> time (trecl) up to 3

0 t(clear) t(recl) t/sec SEC

0.15 1.5
35 International
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Fault ride through capability

[Article 8 — Applicable for Power Generating Modules Type B, C and D
]

U/Un

Each TSO defines at national level a voltage-against-time-profile
at the Connection Point for fault conditions which describes the
conditions in which the Power Generating Module shall be
capable of staying connected to the Network and continuing
stable operation after the power system has been disturbed by
secured faults on the Network.

Existing French
Distribution Grid
Code:
Voltage-against-time-
v [ | | || | | | | N N I pfoﬁ/e for facilities

connected to MV

125%

100%

90%

25% 4 L | T

0 ms 20%
5%

T8 fi8c68 R8s 8 R 882888 R0 18 Rte

Temps (ms) International
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Fault ride through capability

[Article 15 — Applicable for Power Park Modules Type B, C and D]

The Relevant Network Operator in coordination with the
Relevant TSO has the right to require fast acting additional
reactive Current injection at the Connection Point to the pre-
fault reactive Current injection in case of symmetrical (3-phase)
faults.

The Power Park Module shall be capable of activating this
additional reactive Current injection during the period of faults.
The Power Park Module shall be capable of either:

« ensuring the supply of the additional reactive Current at the

Connection Point (which magnitude depends on the deviation of the
Voltage at the Connection point from its nominal value); or

« alternatively, measuring Voltage deviations at the terminals of the
individual units of the Power Park Module and providing an
additional reactive Current at the terminals of these units which
magnitude depends on the deviation of the Voltage at units’
terminals from its nominal value.

International
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Fault ride through capability

[Article 16 — Applicable for Power Park Modules Type C and D]

The Relevant TSO defines whether Active Power contribution or
Reactive Power contribution has priority during faults for which
fault-ride-through capability is required.

If priority is given to Active Power contribution, its provision
shall be established no later than 150 ms from the fault
inception.

Fia

International



VOLTAGE STABILITY
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Voltages stability

[Article 15 — Applicable for Power Park Modules Type B]

The Relevant Network Operator has the right to define the
capability of a Power Park Module to provide Reactive Power.

Example (proposals for Turkish Grid Code):

1. The U-Q/Pmax-profile within the boundary of which the
Type B Power Park Modules is capable of providing Reactive
Power at its Maximum Capacity is a rectangular shape
defined by the coordinates in the following table.

Voltage at the
Q/Pax [pul] Connection Point

x;=0.33pu(lag) y;=|0.95 pu
x,=0.33pu(lag) y,=|1.05 pu
x3=-0.33 (lead) y;=|1.05 pu
x4=-0.33 (lead) y,=|0.95 pu

Fia

International
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Voltages stability

[Article 15 — Applicable for Power Park Modules Type B]

The Relevant Network Operator has the right to define the
capability of a Power Park Module to provide Reactive Power.

Example (proposals for Turkish Grid Code):

2. The P-Q/Pmax-profile at the connection point, within the
boundary of which the Type B Power Park Modules is
capable of providing Reactive Power below Maximum
Capacity is a rectangular shape defined by the following

coordinates:

Below 0.1pu Active Power, Reactive Power Capability is not required.

P/P,.x at the
Q/Prnax Connection Point
[pu]
x;=0.33pu (lag) yi=1pu
x,=0.33pu (lag) y,=0.1pu
x3=-0.33 (lead) y3=0.1pu
x4=-0.33 (lead) ys=1pu

International
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Voltages stability

[Article 16 — Applicable for Power Park Modules Type C and D]

The Relevant Network Operator in coordination with the
Relevant TSO defines the Reactive Power provision capability
requirements in the context of varying Voltage. For doing so, it
defines:

« a U-Q/Pmax-profile within the boundaries of which the Power Park

Module is capable of providing Reactive Power at its Maximum
Capacity.

 define a P-Q/Pmax-profile within the boundaries of which the
Power Park Module is capable of providing Reactive Power below
Maximum Capacity.

The Power Park Module shall be capable of providing Reactive
Power automatically by either Voltage Control mode, Reactive
Power Control mode or Power Factor Control mode.

Fia

International



Voltages ranges
[Article 11 — Applicable for Power Generating Modules Type D]

43

A Power Generating Module shall be capable of staying connected to
the network and operating within the ranges of voltage at the

Connection Point (in per unit), and the time periods specified by
following tables.

Voltage ranges Time period for operation Voltage Level

0.85 pu —0.90 pu 60 minutes
. from 66 kV
0.90 pu—1.118 pu Unlimited to0 300 kV (excluding)
1.118 pu - 1.15 pu 20 minutes
Voltage ranges Time period for operation Voltage Level
: - 0.90 60 minut
0.85 pu pu minutes from 300 kv
0.90 pu — 1.05 pu Unlimited to
1.05 pu — 1.0875 pu *) 60 minutes 400 kv
1.0875 pu -1.10 pu *) 60 minutes

*) 400kV excluded R_te

International



REMOTE CONTROL OF
DISTRIBUTED GENERATION
UNITS
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Active power controllability

The Power Generating Module shall be equipped with a logic
interface (input port) in order to:
Type A&B) cease Active Power output within less than 5
seconds following an Instruction from the Relevant Network
Operator

Type B) to be able to reduce Active Power output as instructed
by the Relevant Network Operator and/or the Relevant TSO.

Could be operable remotely if requested by the Network
Operator

For Type C & D, the control system shall be capable of adjusting an
Active Power Setpoint as instructed by the Relevant Network Operator /
TSO to the Power Generating Facility Owner.

Fia

International
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Automatic connection

For Type A,B & C Power Generating Modules, automatic
connection is allowed unless determined otherwise by the
Relevant Network Operator in coordination with the
Relevant TSO. Conditions are defined by the Relevant
TSO (frequency ranges, within which an automatic
connection is admissible, and a corresponding delay time;
maximum admissible gradient of increase of Active Power
output).

When starting a Type D Power Generating Module, synchronization shall
be performed by the Power Generating Facility Owner after
authorization by the Relevant Network Operator.

Fia

International



CONNECTION PROCEDURES
COMPLIANCE MONITORING

47
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OPERATIONAL NOTIFICATION
PROCEDURE

Fia

International
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Operational notification Procedure

for type A generators
for type B and C generators
for type D generators, HVDC systems,

transmission connected distribution networks
and demand facilities

International
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Operational notification procedure
for type A generators

The operational notification procedure for connection consists of
an Installation Document.

Installation Document is obtained from the Relevant Network
Operator and filled in by the Power Generating Facility Owner.

The content of the Installation Document is defined by the

Relevant Network Operator, with at least :

the location at which the connection is made;

the date of the connection;

the Maximum Capacity of the installation in kW;

the type of primary energy source;

reference to Equipment Certificates used in the site installation;

for equipment used, which has not received an Equipment Certificate, information shall be
provided as directed by the Relevant Network Operator; and

the contact details of the Power Generating Facility Owner and the installer and their
signatures.

Permanent decommissioning shall be notified to the Relevant
Network Operator in writing. R‘Ee

International
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Operational notification procedure
for type B and C generators

The operational notification procedure for connection comprises
at least two steps:

1. The Power Generating Facility Owner send a Power Generating
Module Document (PGMD) to the Relevant Network Operator.

2. The Relevant Network Operator on acceptance of a complete and
adequate PGMD issues a Final Operational Notification to the Power
Generating Facility Owner.

The PGMD contains information as defined by the Relevant
Network Operator and the relevant TSO, including a Statement of
Compliance.

Equipment certificates can be used as validated information about
components of a power generating module.

Permanent decommissioning shall be notified to the Relevant Network
Operator in writing.

International



52

Operational notification Procedure
for type D generators

Also applies to HVDC systems, transmission connected distribution networks and
demand facilities

The operational notification procedure for connection
comprises at least three steps:

1. Energisation Operational Notification (EON);
2. Interim Operational Notification (ION); and
3. Final Operational Notification (FON).

Fia

International
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Energisation Operational
Notification (EON)

1. The Energisation Operational Notification (EON) is

issued by the TSO after agreement with the owner
of the facility on the protection and control settings
relevant to the Connection Point.

2. The owner of the facility is entitled to energies its

internal Network and auxiliaries for the facility by
using the grid connection that is defined by the
Connection Point

Fia

International
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Interim Operational Notification
(ION)

The Interim Operational Notification (ION) is issued by the TSO
subject to the completion of data and study review process
related to:

itemized Statement of Compliance (can be partly
based on Equipment Certificates);

detailed technical data of the facility with relevance to
the grid connection;

simulation models required by the TSO;

studies demonstrating expected steady-state and
dynamic performance

details of intended compliance tests

The owner of the facility is entitled to operate its facility (inject
or extract power) by using the grid connection for a limited
period of time (max 24 months)

Fia

International



Final Operational Notification (FON)

e The Final Operational Notification (FON) is issued by
the TSO subject to the completion of data and study
review process related to:

« jtemized Statement of Compliance

« update of applicable technical data, simulation
models and studies including use of actual
measured values during testing.

 Test results

e The owner of the facility is entitled to operate its
facility (inject or extract power) by using the grid
connection.

Fia
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COMPLIANCE MONITORING

Fia

International



Compliance monitoring

e The Facility Owner shall ensure that its facility is compliant with the
requirements under the Network Code. This compliance shall be
maintained throughout the lifetime of the facility.

57

Planned modifications of the technical capabilities of the facility with possible
impact on its compliance are notified to the Relevant Network Operator by the
Facility Owner before initiating such modification.

Any operational incidents or failures of a facility that have impact on its compliance
is notified to the Relevant Network Operator by the Facility Owner.

Any foreseen test schedules and procedures to verify compliance of a facility shall
be notified to the Relevant Network Operator by the Power Generating Facility
Owner in due time and prior to their launch and shall be approved by the Relevant
Network Operator.

The Relevant Network Operator shall be facilitated to participate in such tests and
may record the performance of the Power Generating Modules.

Fia

International
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Example : Reactive Power

Capability test for Type C Power
Park Module

e The Network Code includes a detailed list of tests and simulations
that shall be carried out in order to demonstrate the technical
capability of the facility regarding requirements under the regulation.

The Power Park Module shall demonstrate its technical capability to provide leading and
lagging Reactive Power capability according to Article 16(3) (b) and (c).
The Reactive Power Capability test shall be carried out at maximum Reactive Power, both
leading and lagging, and concerning the verification of the following parameters:
soperation in excess of 60 % of Maximum Capacity for 30 min;
soperation within the range of 30 — 50 % of Maximum Capacity for 30 min; and
soperation within the range of 10 — 20 % of Maximum Capacity for 60 min.

The test is deemed passed, provided that the following criteria are cumulatively fulfilled:

the Power Park Module has been operating no shorter than requested duration at maximum Reactive
Power, both leading and lagging, in each parameter as referred to in Article 42(6) (b);

the Power Park Module has demonstrated its capability to change to any Reactive Power target value
within the agreed or decided Reactive Power range within the specified performance targets of the
relevant Reactive Power control scheme; and

*no action of any protection within the operation limits defined by Reactive Power capacity diagram

occurs.

International
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Compliance monitoring

The Relevant Network Operator regularly assesses the compliance of
a facility with the requirements under the Regulation throughout the
lifetime of the Power Generating Facility.

The Relevant Network Operator has the right to request that the
Facility Owner carries out compliance tests and simulations not only
during the operational notification procedures but repeatedly
throughout the lifetime of the Facility (according to a pre-defined
plan or after any failure, modification or replacement of any
equipment that may have impact on the facility’s compliance).

The Facility Owner shall be informed of the outcome of these
assessments, compliance tests and simulations.

The Relevant Network Operator shall make publicly available the
procedure related to compliance monitoring including information
and documents to be provided as well as requirements to beE@IIed

International



CONCLUSIONS
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Conclusions

e It is recommended to establish a grid code with
clear and transparent requirements for RES

e Requirements need to be anticipated for future
operation conditions

e Requirements included in the draft European grid
code RfG (Requirements for Generators) are a
valuable basis for developing grid code in Arabic

countries. Standardisation => lower investment costs for RES
integration

Fia

International
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A global leader in power and automation technologies
Leading market positions in main businesses

OO0 42

billion
~ 1 50,000% ﬂ In revenue
employees (2013)

Formed

19885

countries merger of Swiss (BBC, 1891)
and Swedish (ASEA, 1883)
engineering companies
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How ABB is organized
Five global divisions

[— T
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Power
Products

Power
Systems
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Discrete
Automation
and Motion
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Products

Process
Automation
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Innovation is key to ABB’s competitive advantage
Leadership built on consistent R&D investment

.« More than $1.5 billion invested annually in R&D
= 8,000 scientists and engineers
« Collaboration with 70 universities
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ABB reinforces its commitment to solar
Power-One Renewable: a strategic acquisition

The largest and more capillary presence The widest inverter portfolio
Over 100 countries covered From 250W up to 2MW
0| e o,
I T —

A complete offer for renewables
Switchgears

Transformers
Protection devices
SCADA

' A\ 1D
(S@eéseiwber&mﬁ | Slide 6 PLCS and me’[el’lngS 'l



ABB DMPC PG Solar
Central PV Inverters

- CORE 1000
- PVS 800
- ULTRA 1400

Wide Vp range

Technical Data

ULTRA-1400-TL-OUTD

MPP Input Voltage Range

N\ 470-900 Vdc

Rated Power MPP Input Range 585-850 Vdc
Maximum Power MPP Input Range 645-850 Vdc
Max. Input Voltage 1000 Vdc
Number of Independent MPPT 4
Independent functional module 390 kVA
Output Voltage 690 Vac
Rated Power (Pac,) 1.400 KW
Maximum Power (Pac,m @ cosp=1) 1.560 kW

Max. Eff. (Nmax) / Euro Eff. (neu) / CEC Eff. (Ncec)

98.7%/98.2%/ 98.0%

User Interface

Touch Screen Graphical Display

Communication

RS 485

Ambient Temperature Range

-20/60°C (with derating above
50°C)

Environmental Protection Rating

IP 65/ NEMA 4X

Cooling

Liquid

Size (WxHxD in mm)

4420 x 2920 x 1520

Certification

CE

Almost 1.6 GW of ULTRA installed

Safety Standards

EN50178, EN61000-6-2,
EN61000-6-4, EN61000-3-11,
EN61000-3-12

©ABB
July 02, 2014 | Slide 7
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Grid code compliance
A successful case of R&D proactiveness

R&D department overwhelmed by new grid code
requirements consequent to market expansion

- Task force for Grid Code Monitoring

- Compliance to incoming most stringent grid codes and
standards

- CEI 0-16, CEI 0-17, BDEW, NEPCO, IEC, NERSA,
Rule 21 phase 1, HECO, Chilean Grid code

- Fully parameterized PVIs to facilitate the compliance to
further grid codes

- Eased by internal testing labs

© ABB

AL 1D
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Grid code compliance
State of the art functionalities

- Reactive power modes

- PFpy=const (local / remote via PPC)

= Q=const (local / remote via PPC)

- Q(V) (local)

- P=const=min{P,,,P,} (local / remote via PPC)
- Control of positive and negative sequence currents
- Decentralized power ramp-up rate limitation

« ULTRA:
= Modular inverter: M&S or MultiMaster

- Specifically designed for harsh environments (IP65, liquid cooled)

© ABB ‘l l
Al
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PVI models portfolio
Certifications, g.c. compliance and customer needs

- Design and maintenance of PVI templates portfolio

= In-House: DIgSILENT PowerFactory, SimPowerSystem
= Coordination for PSS/E, PSCAD, DSA model designs
- FGW-TRA4 certification

= Full models ready for the consultants Lp=oisss

. .uslnv(.. . 0.00
= Fully parameterized T e
- Capability —
. TRIO under development ) . :TﬁIO:underdeve'lo ment: :
- Harmonic load flow g °

Short circuit contribution [T ee

DIgSI/wrng - Nominal voltage differs by 72.50 % from bus voltage
DIgSIfwrng — '-—L':
DIgSI/wrng - Nominal voltage diffe by 72 50 % f rom b Volt g

’ ] DIgSI/info - Element '@%AC Volta g So e' is local f in separated
Q’ | | DynamIC VSC response DIgSI/info Grid split into 3 iso laued areas
o DIgSI/info - Calculating load flow...
e DIGSI/Info — ——mmmmm
) DIgSI/info - Start Newton-Raphson Alg hm
06\ DIgSI/info load flow iteration: 1
) DIgSI/info - Newton-Raphson converged with 1 iterations.
e DIgSI/wrng - 'Grid\TRIO evo.ElmGenstat':
\9{ DIgSI/wrng - Maximum Reactive Power Limit Exceeded (0.08 Mvar > 0.01 Mvar)

i@%ﬁé so14 ' Side 10 $ DIgSI/info - Load flow calculation successful. "“Is



PVI models portfolio

Examples of dynamic studies
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PVI models portfolio
The proper model

- GIS = Detailed plant model with PVI templates designed
for RMS sims, Load Flows, Short Circuit calculations

- Network integration studies = An equivalent PVI for the
overall plant

- R&D PVI debugging or control testing = An equivalent
network-plant connected to a detailed PVI model

© ABB

A\
July 02,2014 | Slide 12 "



Engineering Support
Beyond a Power Electronics manufacturer

A successful project relies on a solid plant design

- ABB DMPC PG Solar doesn’t take over the role of EPC
- Offered services:

= Preliminary studies

. Estimations of Performance Ratio PR = —rea

ideal

Average PR Vs Inverter Load Factor (P,/Pac)
- Plant capacity assessment (P,Q) EEEEE
82% 4\\ F
! N
H H 80% \
- Grid Impact Studies i
. * Typical k
- In-house preparation OR support to EPC = | Pl < S
- Component selection and procurement = = T e 0 B
- ABB and trusted suppliers
A DD
FRIPID

July 02, 2014 | Slide 13



Engineering Support
Typical utility scale plant layout

Ring 4

HV
HVMV Trafo
8% < Vg, < 20%
Buried Al cables Ring 1 Ring 2 Ring 3
MVLV Trafo

V= 6%
690V
~ N

L J

8...10 units /
feeder



Fulfillment of contractual powers at the PCC

The problem and grid codes capability requirements

An optimized design
- Objective Function
= Ke'MIN{ECpy+ECqcomp. devicest+Kpr' (1-PR)
- = define np,,; and Q compensation issue
- = Maintain acceptable PR
= Further OF terms: min losses and equalize plant layout

Veee [p.u.]

- Comply with the requirements

Under-exited region Over-exited region

. NEPCO (HKJ) 2 Py¢ poc™ + capability |

1 .i'l.'u
I
L

=ceiling to Pacpcc™ Ppc" |
!

= Israel =capability (PF)

':.\.%)b
=plant design starts from Ppg" |
|

© ABB —8— Jordan Juna 2014 —8— lordan B1-5-009
July 02,2014 | Slide 15
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Fulfillment of contractual powers at the PCC
Constraints and possible degrees of freedom

- Constraints

- PVIs and STATCOM capabilities are V and 3,
dependent

- dependency is lin. vs quadratic of SVC and cap banks

= V rating of plant devices

- Typical problem with MV devices when V_ HYMV>>

= Tap changer position ranges for:
- HVMV Trafo On-Load-Tap- Changer
- MVLV Trafo Off-Load-Tap- Changer

- In case of small capability violations the designer could
demand modifying transformer ratings:

- Nominal V
© ABB _ "“
ez - Special designs leading to reduced leakage impedance



Fulfillment of contractual powers at the PCC
Reactive power sources: Caps and PVls

- Capacitor banks normally split in stages

= PVI inverters

Reactive power —Q@U=0.9Un
[VAr]
500000 —Q@U=0.91U
n
400000 —Q@U=0.92U
n
—Q@U=0.93U
300000 1 — n
—Q@U=0.94U
_J N —Q@U=0.95U
n
100000 —Q@U=0.96U
. n
0 W] n
¢ 50000100000 150000 200000 250000300000 35 000450000
-100000
200000 1\ ==
%y
-300000 {- —
-400000
-500000

©ABB
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Fulfillment of contractual powers at the PCC

Reactive power sources: STATCOM (ABB PCS 100)

Rack mountable 2.0 MVAr STATCOM line-up with all 24 modules Containerized solution

module

i Afl
-
e

i
ol

Grid

A

|

|

L Connecting Bus
@ VT1

POC
CT2 Q--emmmremmmmmeeness y
ABB tool for preliminary design (STATCOM and plant capability at the MV PCC) CTL Prroreememememncany |
15 — Voltage Limits
TE —— Current Limits MEE % i
== 1:4 i s —— GndCodelimts ~ MCB /g--momoooones R
e "—\" ------ NQ ------------ SR MR S RRAE R (R R AR FRERR B BRI SREE ~=— Overvoltage Trip r HEH oo
ey — Overload Current Limits
\ Bis ~=— Transformer Current Limits
\_ = <ol S8 Eanen pins  pua=3 Eapes Cuor.: K N U A
\ | —~— I~ STATCOM | L--22lIIIIIT
El /I H) [Miax System Power Overload 252 | Transformer,
= FaWo. e S
: A Los A
: g / T A
o7 Show Voltage over | R
3 * / Current i AR A
5 2:6 ¢ ~ 4R ¢
£ N 0.5 / > STATCOM ,----!-!-Y-!-;
i X‘ Converter ! STATCOM H
’ 9:3 / = |egeceeee---- p: Control
l\} 2 {EREERSpEe s panasatee tACY I . 0909090909090
=ik § STATCOM Container
8:4 I I
4 35 3 25 2 1D 1 05 . 0 05 1 15 2 25 3 35 4 Heat Exchanger “ l. l.
July 02,2014 ‘ : ‘ ' STATCOM System lalll
System PowerQ [p.u.]




Fulfillment of contractual powers at the PCC
Comparison between Q sources

© ABB
July 02, 2014

Pros Cons Design challenges
Low cost Prone to harmonic and | Granularity definition
Simplicity energization issues Insertion strategy definition

Design of inrush bank impedance

Caps Carefully evaluation of:
Harmonics and eventual harmonic traps,
inrush and energization scenarios
High Q granularity V dependent capability | Possibility to find optimal solution taking
Limited cost Efficiency reduction into account plant PR
PVis ExpecFed lower loading | (<0.2%)
of the inverter for most
of the time (extended
lifetime)
High Q granularity High cost Damping harmonics capability must be
STATCOM Harmonic Large footprint on the properly verified

compensation
Enhanced fault support

plant substation

Coordination with PVIs control in case Q
capability is shared with the same

| Slide 19



Cap compensation bank design
The objective function

- ULTRA is a 4 level inverter

- Smaller output filter = Prone to inrush current
phenomenon during capacitor insertions in case of
weak networks

= Harmonics

- Transient overvoltages
At the MV BB

Across cap plates

© ABB
July 02, 2014 | Slide 20




Cap compensation bank design
Possible solutions

= Increase number of stages

= Inrush resistor (US Solution)

= Point-On-Wave reclosure

4 DIgSILANT|

Vi =0V

= closure of phases k and |

& After Va period

-1.2000 L L L L
-0.010 -0.005 -0.000 0.005 . [s] 0.015
SubStation_ULTRA: Line to Line Voltage A in p.u.

SubStation ULTRA: Line to Line Voltage B in p.u.
SubStation_ULTRA: Line to Line Voltage C in p.u.

= closure of phase m

|
| !
0.010 sl 0.015

0.010 -0.005 -0.000 0.

ULTRA_4x350_EMT_01_1_1:ia [KA] (considering 390 KVA module)
""""""""""""" ULTRA_4x350_EMT_01_1_1:ib [KA] (considering 390 KVA module)
ULTRA_4x350_EMT_01_1_1:ic [KA] (considering 390 KVA module)

Date: 12/18/2014
Annex: /1

Capacitor Bank Transient at ULTRA terminals SUMMARY
Multi-Step capacitor bank with point on way switched step C=18.3uF; L=150 uH;

= No contribution to harmonics damping

© ABB
July 02, 2014 | Slide 21
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Cap compensation bank design
Possible solutions: inrush inductors and detuned filters

- Detuned filter design guidelines
= Detuning factor DF = x,/x¢ \/7%\/&2\\){0/
= Given Qgage:

- DF N = C¥ and L (typical DF= 5-6-7-14 [%])

= Tuned at an interharmonic %

- QOutstanding benefits on the harmonics studies

L e e § L e e e §
[ [N (- |
The case of an I E No inrush | ! - 1.125 mH }
external bank ) R S S inductance ina 7.5 | ) R R S (DF=0.24%) ina 7.5 |
connected at the i ook MVAr cap stage | i ook F MVAr bank stage |
L C | Fr |
plant PCC node r20f —Fo—— R N - - i r20f —F-—— R N N - I i
E o C | coor |
EOE 1 EOE 1
08041 —-———~f—T—F1—-—————————— ———————————} 0.80 -1 —-—— — - —————-- ———————————}
I C C r I
1 I EoE 1
040 ~E - B £-0 -t FF1 0.40 ~ B -0 at-—+F-—-H8-H8-——H-F-
\ = iy \
g I r C oFE g I
E BEE S HERAHEE! | LCEHEERNAAFEABrEE aHERalEE]
2.00 4.00 6.00 BXOE 1% 12.0 14. O 16 0 18.0 20.0 22.0 24.0 [] ’ 2.00 4.00 6.00 éw 1? 12.0 14.0 16.0 18.0 20.0 22.0 24.0 []
1 Al Hassan 33kV\BB: H ¢ Distortio 1 Al Hassan 33kW\BB: Hg@rmonic Distortion in %
© ABB amn Harmonics Spectrum | Date: 8/26/2015 s Harmonics Spectrum | Date: 8/26/2015
July 02, 2014 | Slide 22 et No inrush inductan Annex: /1 o hrush Inductance (DF=0.24%) Annex: /1




Insertion strategies of compensation bank stages

Ensure an hysteretical

mechanism
, A
|
Method | Insert a stage if ... Disconnect a stage if ...
Risk of overvoltages at
A 2Qpy > Yoinsert Q129 | ZQpy > Yogisc Q,129¢ } PVI terminals
X PR
PFeq = inv

Linked to a predefined

2
B PFpvi<PFpy (Ppvi) \/ Y Py’ + (2 Qinv + Qstage) PFev<PPon (Pev)
PFeq < PFpy(ppy) — 0.1

Z PinV
ZQF’Vl >0 PFeq — 3 A . .
C (no over-ex if \/ Y Py + (2 Qinv + Qstage) _|  Applied algorithm
possible) PFeq < 0.99
©ABB AL 1D ID
July 02, 2014 | Slide 23 "....



Multiwindings MVLV tranformers
Plant cost reduction

Transformer cost is almost proportional to the weight

- ULTRA doesn’t inject common mode currents -> no
shielded transformer

- Typical ABB proposal: DdOy11 connection

- Stacked construction

23_ 12 13
= 2,.29=0.9(z.."+2.."°)

/ Secondary windings / A
Y

S5iety
aaae

Secondary windings / Y

Primary windings

© ABB
July 02,2014 | Slide 24
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Multiwindings MVLV tranformers
Windings connection choice Dd0y11

- No homopolar sequence from the secondaries to the
primary (recommended ungrounded star conn. secs)

- Sequence circuits of DdOy11
Ea Ea

Y Primary /

Secondary N
Positive
sequepce

. 30°
Téﬂm;>\<:

\\Nbgaﬁve
gequence

Ec Eb Eb Ec
Vab =k3Ea Y Vab- =K3an
K\ Vab Vab_y - /fl
N -
IR e
: \ g - / :
~
| JT T X Vi ekoEr? Vo '=KoEy! € — — — — — ‘< |
| - > |
| / o7 Ve Ve? N \ |
ST RN
| / - > \ |
+y / ~ ~N \ %
Vca V/ e AN \‘ Vca
A nD
July 02, 2014 | Slide 25 Voot o=ksES Ve '=K:EY rFRapmw



Multiwindings MVLV tranformers
Windings connection DdOy11 (contd) OLTC choices

- DdOy11 effects

- Harmonic cancellation under the assumption of
homogeneous PVI speotrums (3n and 6+12k+1)

oeffici ltM\."d

B ot . ' ' ' ‘ ‘ ‘ ‘ ‘ ‘ \“
J \ ‘\ \\ \ \ \
‘ ' ' No 7th harmonic at \
N the primary side \
i s & i T ‘HHH\V/JWMU

Hrrnlrcl

- Awareness about the effect of asymmetrical faults on
the inverters connected at the same transformer

- Off Load Tap changer

- Typically £2-2.5%
© ABB “
m”
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Short circuit current limitation
Limiting reactors

|scPCC>> o | Plantswitchgearss,, o Costly solutions

g

ADIgSILENT

g Main ZL )
External Grid S External Grid
1573.9.. 1115.6.
6.884 4.880
0.000 0.000
MDA 132kV/BB s

Tr2-33132kvV

.32 B
[ |
MDA 33kViBB 5.46 5.45 79.59| [49.59
0.165 0.165 0.868| |0.868
0.000 0.000 0.000| |0.000

i Shidiya Shidiya 2

Ikss: 30.55 kA > 21.82 kA [:

- Limiting reactors

- Installed at the substation side of the plant feeder

- Side effect:

= parasitic power consumption

© ABB “
m
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Complete skid
ULTRA outdoor station

= Our turn key solution
- MV Switchger with RMU

= 3w transformer
- ONAN
= AUX services

- PLC for PPC, monitoring
and Plant Automation

T

1“” mm ”“' |il "1 A"-";,‘,'-,'_‘-A.;'-».w,.ﬂ. ® ' B

h“

|
H
|

©ABB
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ABB SafePlus
Un [kV] 33
Isc, 1s [kA] 25
Isc, 3s [kA] 20
Uimp [kV] 170/70

{ljl

33kV
LV/MV
Trafo 3,15MVA
0,69kV
XN
PVI 1 PVI 2
AL 1D B
FRipmw



Centralized Vs Decentralized functions
Time decoupling

Fast control must be performed from the PVI

Dynamic Reactive Current Support )
Anti-Islanding

PVI

Decentralized
Functions

Local PQ control (PF=const, Q(V), P(V))

PCC PQ control (PF=const, Q(V), Qext, Pext)

Damping clouding effects

Centralized
Functions
SCADA

& Data storage

J

- Closed Loop schemes are recommended for decentralized
controls

© ABB
July 02, 2014 | Slide 29



Centralized Vs Decentralized functions
The case of Over Frequency Power Curtailment

P moasur

© ABB

July 02,

et [MW] Poggpoim [MW]

~
=3
S

-3
=3
S

o
o
S

=
o
=1

w
I=1
S

I
E=1
S

£<}
S

Central OFPC

Plant commissioning test through
variation of the frequency signal at

the SCADA

T

P(f) test
CEF Hoghiz, Log006

(50.2 Hz; 5.97 MW )

/]

Kscapa=0.303 p.u. / Hz

Kness=(DP/P0)/Df=(3.29/5.97)/1.8= m%

Diagrama nr.06

(52 Hz; 2.68 MW )

0.00
49.50

2014

50.00 50.50 51.00

51.50 52.00

Fout [¥]

Pout [W]

Decentralized OFPC
Lab test using a variable f grid simulator

|—F‘ Meas —-—--PRef = = =P LimSuyp — =-PLIf © Recon Time

Active Powar

2m Ji3) 50 oy oo 1200 1400

0
Time |g]
+  Pheas — — -PRef — —-FLmSup — — -FLm In1|

¥ 105 Acliva Power s Freg
4 - - - -
3
2
1
0
I L : : o
47 a 13 485 49




ized

Centralized Vs Decentral
Centralized Q control

Step AQpcc¢f=-8.2 Mvar

INEIECE]

2 e
7 8l I _ I i
® ol 1 | 1 _m
] I I I 1@
8 b4 —— 4
“ | 1 | 1 1
| I | I I
| I | I I
I S N R (N
| i | 1 1
o I 1 | 1 1
# | 1 | 1 ¥
mm I I | I i
<R CfTTrTTTT T T AT
il 1 | 1 1
" | | | I |
w _ I _ I I
7 it ah¥ stk Akt
| 1 | 1 1
i | _w | 1 1
] 1= | I I
I I /T v T S
@ @ | 1 1
T
] 8 R g ] 8
& ] o o [ *

10.00

n

oy =

r—r=——T-"TT771"

[Lamnsar

CTTrT ST T T T T

o kA

&00  [5] 1000

[

urent. Magnifiude/ Terminal |

400
15473 Ruar

e ——
ThmSeguenos

Fos!

00

19,013 Mpear

=

HeDiX= 03 E

o]

F— b — g —— = ——

L — -

o192

oig —f-—1 -4

20000
1300

800 [s] 10.00
N P

e Terminal |

00

age. Magnt
—_————k e e d

400
FoziheSeguenor ol

4T M

200
47

—
MW

e,

%
4T EH
|
I

!

1]

-DiX=0%30%

2 -
B e ik s Tl

0fE ——f—1+——4—— -

Pl —

“ _
“ Bl 1
+ am F——F——t——t—-—t-
I a | I I I I
I A I [ I I
1 | 1 | 1 1
4 wm L _1__1_
1 el 1 | 1 1
“ I
L
A 1 I I 1
[ e fy|l —-r-—1--7-—-5-%
| | | _m wl | | | |-
| | | tla | e | &
| | | m T __r._ T
F—r—-r FeTEs T
I I ] I Im
o o
B — v g
b !
a o 3 H 3 2 2 2 2 2
8 8 I AN s % f4 @ & 8
g
12
w
-8
8
.IImw.
g
b
—das
v E
]
i
-Jgd
4
-8
°
g
E S 5
- S
28
g
-8 g o
S W Mwn
ow'n
Ilm -
Ik
-45 E08
m. 55
a ~
4 WH"
: a5
] Q
- Q
—
: 3
<
©

o0 [s] 1000

&

o1 Mar

400

v Powern Tenminil |

Fom

oo

oo [s] 1000

H

600

21 0

400
=hz Powen Terminai |

A

000

| Slide 31

July 02, 2014



Energization
Mitigation methods

- Energizing transformers or lines (OHL>10 km or shorter
cable lines) implies inrush phenomenon

Example case of overall

plant energization (long

OHL and step-up trafos)
2 AVp,=70% !

= Sequencing of plant trafos

© ABB

Myo2 20t |Sided2 = Adoption of inrush resistance mainstream to the line



Inter/Harmonics studies
Risks and recommendations

- Need of detailed network data

= Harmonic load flows

- PVI = Indipendent current sources IEC 61000-3-6
Harmonic order h x
a a <5 1
- IEC 61000-3-6 1, = /2;’;1 i M Val,_; <10 -
10<h 2
- BDEW I, = X%, 7 ; where nis the number of PVl = [, = /nl,_,

Unstable Stable System

I

- Stability concerns if Spcc<5S,| |
= Detailed EMT studies

) , '/\\\ A YA AN A ;\, |
= V'J\/ ?k\ A ’J\vy ]
“PASNAN NS N

=2 N]” Tn;;l P - ‘!ﬁl; 5 MVA ) v

Grid Short circuit

Stable Stable System

Power VA, V park R

= s-domain analyses X ﬂ\ /)\ 5/7\ K

P AAARAANAAANS \

AN

\/-\ APALAAALAAALAAN

©ABB T e e
10 MVA, Total PV park Rating= 1.85 MVA
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Conclusions

- Important factors for the successful integration of utility
scale PV plants in the modern power systems are:

= Grid Codes study, PVI and plant compliances
= Accuracy of PVI templates and overall plant model
- Professional Grid Impact Study

- Awareness about pros and cons of alternative plant
solutions

In this sense ABB offers one of the broadest solar inverter
portfolio combined with a proved integration experience

Thank you for your attention

pietro.raboni@it.abb.com
|
|

A DD
July 02, 2014 | Slide 34 ".. .
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Renewable Energy in Jordan

AlShaima Rajai 3 .

Transmission Planning Engineer , NEPCO

ejaber@nepco.com.jo

Sep. 24,2015
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Jordan enjoys world class quality Solar and
Wind Energy

®* Wind speed reaching between 7.5 to 10.0 m/s in

some places.

®* Wind projects are now feasible and competitive

without further concessional support

® High solar radiation figures of 5 -7 kWh/m2

per day with about 300 sunny days per year.

® Jordan future Renewable Energy source is Solar

Energy.

9/3/2015




Jordan Energy Strategy
The Energy Mix in Jordan (2010 - 2020)

ImPOI:t(fd Renewable 2% 2010

Electricity 1%

\ “
N. Gas 36% \
Oil Products 61%
2015 Domestic Resources 3%, Imported 97 % 2020
0Oil Imported
Renewable7% oil Imported Renewable 10%

Shale Electr1c1ty 2% Electricity 1%
11% / Shale tiectrict °
e

14%
—N AN
—" e

/ \

/ Oil Products 40%
N. Gas 29% Oil Products 51% N. Gas 29% Nuclear 6%
Domestic Resources 25 %, Imported 75 % Domestic Resources 39 %, Imported 61 %
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Regulatory Framework

o The Renewable Energy and Energy Efficiency Law was passed as a

permanent Law in 2012 and amended in 2014.
o Thislaw, the firstin the region, allows investors to identify and develop grid-
connected electricity production projects through the so called unsolicited

or direct proposal submission.

o the)ordan Renewable Energy and Energy Efficiency Fund has been

established, which aims to channel financial resources to that end.

9/3/2015 4



R

o A well-founded reference price list (ceiling prices) for different

Renewable technologies was set by the EMRC.

O Net- Metering for small RE Systems (Roof Tops) with Fixed

Purchase Prices for Excess Power.

O Tax Incentive regime, a By-Law was issued on Tax exemptions

for RE and EE systems and Equipment.

O Grid Expansion and Reinforcement Plans are ongoing

9/3/2015 5



RE source Tariff Fills/ kWh

Reference Price List

Wind Energy 80
Solar Energy (CSP) 135
PV 100
Bio mass 90
Bio gas 60

9/3/2015




Renewable Energy Development Schemes

The Government is currently engaged with the 3 tracks

approach to develop RE Projects as follows:

Direct Competitive
Proposals Bidding

9/3/2015 7



Renewable Energy Projects 2016-2018

\O 0

— PV MDA 160 MW ,5 —

O PV Qwera 100 MW O PV MDC 150 MW O Wind KOSPO 50 MW

C\I PV Shamsuna 10 MW C\I PV Mwqr 50 MW C\l Wind XENEL 50 MW
PV Scatec 10 MW PV Safawi 50 MW Wind Rajif 83 MW
PV JoSolar 20 MW

Tafila Wind 117 MW
King Hussein Wind 75 MW
Fujaij Wind 100 MW

592 MW > 842 MW > 1025 MW

9/3/2015 8
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Net- Metering (Roof Top) Systems

o More than 4000 applications received by distribution
companies, resulted in installations of about (20) MW
of PV total capacity all over the country, it is expected

to double this figure by the year end, or even more.



Power Wheeling

"Wheeling" refers to the transfer of electrical power through transmission and

distribution lines from one utility's service area to another's.

Regulations for Power
Wheeling

- The Capacity allowed to be generated and transmitted through wheeling

must be equal to or less than 10% of the firm capacity of the Transmission
Line OR 20% of The firm capacity of the substation feeder for the load.

- The Generated Capacity = The Load

4.5

Connect to the transmission
system to feed a transmission
system connected consumer

Connect to the distribution
system to feed a distribution
system connected consumer

Connect to the transmission
system to feed a distribution
system connected consumer

9/3/2015

2.3

6

2.3 (Transmission Sys.) + 6 4.5 (Transmission Sys.) + 7

(Distribution Sys.)

(Distribution Sys.)

10



NEPCOQO Technical Requirements for Grid
Connected RE Projects

NEPCO has developed a document for all technical requirements which any
grid connected RE project must comply with.
Intermittent Renewable Resources (IRR) Wind & PV
Transmission Interconnection Code (TIC)

Voltage
R . Frequency
equirements Requirements

: Harmonics f§ Ramp
Voltage Flicker - Rate

9/3/2015 11
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Impact of non-programmable RES (VRE) generation on the

power system U?EAENS
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Session 1 —
Generals and EU experience W@

N
M
Y
74

\g}_ 5
—N—
M SyStem wide impaCt UNITED NATIONS
o Barriers to overcome IgLw |
Additional reserve and balancing capability ESCWA

Impact on power market mechanisms
Risk of overgeneration

O
o Difficult transitions in the ramp up/down hours
O
O

O Network and local impacts
o Network congestion
o Critical behaviour of the system in dynamic conditions
o Voltage profile and reactive power management
o Coping with exceptional events
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Barriers to overcome to enhance generation from non-
programmable RES

Risk of
overgeneration
in low loading
conditions

Network

congestion
Risk of market

L _ price distortion

l— CURTAILED l I

RES GENERATION !!!

Difficult transitions
in the ramp
up/down hours

I Critical
behaviour of
the system in

dynamic
conditions
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Additional reserve
and balancing
capability

Voltage profile and
reactive power
management
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Additional Reserve and Balancing Capability

= Secondary reserve* R.,. = /10" L4y + 1502 — 150

- Tertiary reserve* Rter—incr — Lmax - 0.08 (daily)

(* Example of reserves according to ENTSO-E rules)

> In Peak Load condition these > In Low Load condition these
reserves define the maximum reserves define the minimum
thermal generation thermal generation

Z Pmax—i Z Pmax—i
i—disp i—disp
} Rsec—incr
T Rier—incr
Demand* _ Generated

Generated G ted
enerate Generated

power Demand = power
---------------- power

i—disp
—

(*Including losses) J . r (*Including losses)
CESI Trust the Power of Experience September 2015 | 5




Additional Reserve and Balancing Capability

= Need for Additional Reserve to cope with the intermittency of
non-programmable RES generation

> Additional reserve [%]: percentage of wind generation

» Penetration: wind production [MW] / demand
: 3 A& dena Germany (average; up and
Increase in reserve requirement dowin)

Increase as % of wind capacit

Source: IEA-Wind

/

A

Pl
'l
e

I

 —

__ag

I e
/;:}:Pg\‘_#gl‘

10 %

20 %

30 %

Wind penetration (% of gross demand)

i Garmany 2010/Day-ahead (pos |

—+— Germany 2010/4h-ahead (neg.)

~ Germany 2010/1h-ahead (pos.)
—~— keland Tertiary Res.
—=— kaland Repiacement Res
= Owwden 1 Inma
4 Sweden 4 hours
—— UK, 2007 distributed wind
B Hydro Quebec
—— Minnesota 2006

——US New England Reguiation

+~NL houry vanabilty

CESI Trust the Power of Experience

September 2015 I 6
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Additional Reserve and Balancing Capability

= Maximization of RES penetration considering also additional

reserve
z Pma.x—i
i—disp | R
Lfec—InCcr
Rter—iﬂcr
Generated
Demand®*="___"_""" | ‘| | _ _ _ _ _ _ _ _ __
CEC N ) R e C Reda-iner )
RES production
Traditional (Wind + Solar)
gener;a’_tign D Ve
-------- E Rata—aecr 3
z Pmin—t Rsec—decr
i—disp
L. (*Incduding losses)

CESI Trust the Power of Experience September 2015 | 7



Barriers to overcome to enhance generation from non-
programmable RES

Risk of
overgeneration
in low loading
conditions

Network
congestion

Risk of market
price distortion

I_’ CURTAILED l I

RES GENERATION !!!

Additional reserve

and balancing
I Critical
behaviour of
the system in
dynamic

capability
conditions
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Difficult upward/downward transitions

= Possible Voltage problems

Downward wind modulation

de energia eolica "artes, 4 Mar 2008 eneracion “e energia eolica Miércoles, 5 Mar 2008
Generacidn estimada Méax. 9.990 MW a las 15:55h. Min. 5276 MW a las 00:16 h. Generacidn estin.2da Max. 9.292 MW a las 10:26 h. Min. 7.090 MW a las 15:21 h.
Generacion telemedida ~ Max. 8.324 MW a las15:55h, Min, 7,094 MW a las 00:16 h, Generacion telemew'da  Max. 7.726 MW a las10:26h. Min. 5.912 MW a las 15:21 h.
11000 ——TTT o N B B T ——T 11000
10000 —————1 e . e 10000
9000 —1—1 = 1 §rdl ’ A —— — 1= r s 9000

8000 —d—t——f—+ | ! —— ) g o e . ! . 8000 |

7000 — A — - ¥ T — : I - 7000

£000 —f——! { f o Yl ! S R 5000

5000 —1— —t— iy e — T  ——— - 5000
4000 ! I - - 1 ) - ' I N S | IS S S - 4000
3000 | T | 1 T 1 —— 1 1 3000
2000 {01 T T S [ S N N L S ] LA ! I I 1 2000

000 |——e—pit . S R o 4 o 1000

a ad|Elgctrica He|Egpana
001 02030405 060 01112 3 17 18 3 00 0 2 001 02030405 06070 314 15 1617 18 19 20

Wind generation in Spa/n on 42‘/7 and 5th March 2008 (source REE)
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Difficult upward/downward transitions

= Coping with sharp variations of RES generation

§2] Histirica - 1 Funcitn (Dindesn) -

]

10% of installed _ o
wind capacity Example of Spain _Hars i

|3 wiriey w| soos wil| v wj o w] |2 w] o wf

per hour s

|51 o8
L 2

W

: - S . -
: JE 800 MW increase in 045 [RINERREHSNCES P N R
- 1,.)-.*"‘. Ramp-up rate; 1067 MW/h | - \\\ - _ _ SN

1BaTiS  1odi0s 3R

a3 8a e

Situation
May 9, 2005

i asan 1'.‘:4:E-cIJI:I A 13:1:3III TEE00 tRd4R00 R0 RS
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Difficult upward/downward transitions

Activg tadidz salaccionada NO Correlation between Wind
# EEIOEE TRCD vﬁ generation and demand!!!

[=] EOLICA REAL ESTIMADGR "E"I

e .--"*' -~ Demand = Difficult transitions
o saen - .-,, \ i ”“W"'*"'“m*‘{'\' | during load ramp

= W '.'_, [ L‘
e HL T _~ up/down
2700 33,:.:,: ; = "-r,'#fn

[ EETE

IE.lLIFlL

Gradient of
! generation
Load Request
el

Wind + Solar

20000 WO0D0 6:O0O0 ED0DXIO0 D300 1:."l:II:IED 1'}1 00O J&:0C00 ‘1B Dkl 20300 2=0300 24:00:00 ‘Elx
0 2o l‘\uﬁln:-:l BOC00  £0000 100000 12-:m|:-’.'r*":4m:n:-:u 1600000 18:00000 2000000 220000 ml:-:lm:l -EJ” Time (min)

(Example of Spain)
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Difficult upward/downward transitions

= Load following in case of enhanced PV generation (1/2)

38000

< 36 000

34 000

Italian demand profile (Sunday, April 2012)

; —— National demand load profile

i\

—! Residual load (net of PV generation)

A\

32000

/|

\

30000

\

28000

N/
/ /

A\

26000

24 000

~~"

/
N

\

22000

20000

/

SNo—

1 2 3 4 5 6 7

8

9 10 11 12 13 14 15 16 17 18 19

20 21 22 23 24

14 GW of load
ramp in the
evening to be
covered by
dispatchable
generation and
import

CESI Trust the Power of Experience
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Difficult upward/downward transitions

= Load following in case of enhanced PV generation (2/2)
Italian demand profile in a typical Summer Sunday in 2014

33000
( 31000 )
29000
27000 AT
25000 / / 15 GW of ramp
23000 / < in the
21000 — afternoon to
il / be covered
/ with a reduced
17000 N ‘3' set of
15000 ] ] ] I ] 1 1 ] ] 1 ] ] ] ] ] ] ] 1 1 i 1 ] | i dispatchable
1 23456 7 8 910111213141516 1718192021 222324 units (see
reduced peak
- National demand load profile load)
- Residual load (net of PV generation)

CESI Trust the Power of Experience September 2015 | 13



Barriers to overcome to enhance generation from non-
programmable RES pr=—ry

Network
congestion

<=

I_’ CURTAILED l I

RES GENERATION !!!

Difficult transitions
in the ramp
up/down hours

I Critical
behaviour of
the system in

dynamic
conditions
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Risk of overgeneration

50000

Expected overgenerationin Fr - Mo periods in May 2016
45000 - m -

5000
0 1 [ | 1 Il | | : | | ] ] | | 111 ] i ] | 1 |
1471013161922 1 |4 7 /1013/16/1922/ 1 4|7 10/13/16/19/22/ 1 4|7 10/13 16 19 22
14-mag 15-mag 16-mag 17-mag
GG/MM/AA =¥ b, ~

pg«g

=

— N
UNITED NATIONS
gl
ESCWA
s LOAD
EJRESIDUAL LOAD

s RESIDUAL LOAD +
PUMPING

1 OVERGENERATION DUE TO
SCHEDULED IMPORT AND
MINIMUM DISPATCHABLE
GENERATION

CESI Trust the Power of Experience
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Risk of overgeneration
Example of Italian System

Countermeasures to reduce i
the risk of overgeneration: ESCWA

Overgeneration problems

over weekends or public o o
> Full exploitation of existing

holidays T
resources (maximizing
100,0 . . . .
90,0 existing pumping, reduction
200 of power imported from
600 e neighbouring countries)
T 500 >50 MW .
40,0 . > 1000 MW > Modulation of non-
ol B = >2000Mw programmable RES
20,0 H >3000 MW .
10,0 - generation
0,0 -
> > 6T 2 ¢>28% 555 % > Improve the forecast and
55583552 3£5¢&¢8 o
§5:=° 2858 ¢8§ management of distributed
- 835z : o
% of hours with overgeneration during weekends or generat!on (On site
public holydays generation)

> Increase of energy storage
capacity

Source: Terna

CESI Trust the Power of Experience September 2015 | 16




Impact on power market mechanisms
Example of Italian market

What happened in the Italian day-
ahead market on June 16th, 2013: 5o €MWh Daily Average ~o—Hourly price 'E‘I:;E_"ﬁ‘;
* Minimum price: 0,00 €/MWh
(for 2 hours — 2:00 and 3:00 pm)

* Maximum price: 121,91 €/ MWh K

(25.8% of offered energy supply 1 23456 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24
]

100

50

Italian intraday price The reduction of market prices in daylight hours, caused by a
€/MWh massive PV generation, is compensated by owners of
[ ] conventional generators by increasing their biddings in the early
120 - evening hours to recover their margins
100 4
80 -
—2004
60 - \ — 2011
F2016
40 -
20 -
o1 2 3 4 &5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

CESI Trust the Power of Experience September 2015 | 17



Impact on power market mechanisms
Example of Central Western European (CWE) region

= Negative baseload prices |cWwepayAhead
were observed in the
Central Western |
European (CWE) region
on June 16t", 2013:

50

25

Negative
» France -40,99 €/ MWh == p?ices

> Belglum '40,99 €/MWh A V 17 18 19 20 @ . 28 - 28 O g o 3% ° g6 ' @7 O 28
> Germany _3 33 €/MWh -@ EPEX Spot DE Price -#- EPEX Spot FR Price - Belpex DAM Price - APX DAM Price Day

= Low consumption and high levels of “non-flexible generation”
(nuclear, hydro, wind, PV) in France, Germany and Belgium caused a

generation surplus

= The Netherlands (price 36,16 €/ MWh) did not face a surplus, but
could not absorb more energy from the rest of CWE since the
Netherlands imported the whole day at a level equal to its globally
set import limit from Germany and Belgium.

Source: APX, Belpex and EPEX Spot

CESI Trust the Power of Experience September 2015 | 18




Impact on NTC arising from non-programmable RES (VRE)
generation

Net Transfer Capacity on the three borders (Slovenia, France, Austria) 01/04/2015-07/04/2015

UNITED NATIONS

gLl
3,000 - ESCWA
2,000 -
1,000 -
0 - s Flusso import
— F|
-1,000 - Eastern period: NTC reduced to F.us.so _EXport
ZERO for system balancing e=Limite import
2,000 problems ! | imite export
-3,000 - :
Opportunity for a cross-
-4,000 7 border Ancillary Market
5,000 - Services

Wednesday Thursday Friday Saturday Sunday Monday Tuesday

Over Generation in 2024 due to VRE 5.5 TWh/yr — possibility to reduce it to

700GWh/yr through modulation of the cross-border exchanges for balancing

CESI Trust the Power of Experience September 2015 | 19



Impact of RES generation on the Ancillary Services Market

2011 gl
— 2000 - RS - 2000 —, ESCWA
£ 1500 (925\ - 1500 £
'§'1 000 - 836 636 . /1000 E’
$ 500 - | . 500 $
S -500 -156—— 39T - -500 2
Upwards @ Downwards Upwards  Downwards
Volumes (a) Volumes (b) Volumes (c) Volumes (d)
MSD (Day-ahead ancillary MB (Balancing Market) TOTAL
market) (a+b+c+d)
-7 N
. 2000 2013 {1733 ' 2000 _,
W s W
= 1500 1269 1500 =,
@ 1000 l 732 1000 4
S 500 . 500 &
s | | | | o 2
> : | T — T Q
® 500 77 191 500 &
Upwards Downwards Upwards  Downwards
Volumes (a) Volumes (b) Volumes (c) Volumes (d)
MSD (Day-ahead ancillary| MB (Balancing Market) TOTAL
market) (atb+c+d)
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Impact of RES generation on the Ancillary Services Market

o 2 000 2013 - 2000 o ]
= 1500 1500 2, o
$ 1000 - - 1000 @
S 500 500 o
o o
> 0 I i ‘ . L0 >
2 = — 2
-500 - - -191 -500
Upwards Downwards Upwards Downwards
Volumes (a) Volumes (b) Volumes (c) Volumes (d)
MSD (Day-ahead ancillary MB (Balancing Market) TOTAL
market) (a+b+c+d)
2014 P
gzooo ’J 630, — || pisbursement
1,500 1,264 .
2 1000 | in ASM
[ 080
2 500 E. ] stabilised in
> i
g T Co— 2014 due to
Upwards | Downwards | Upwards | Downwards action taken by
Volumes (a) | Volumes (b) | Volumes (c) | Volumes (d) TSO and a slow
MSD (Day-ahead ancillary | MB (Balancing Market) TOTAL down in RES
ket b d .
market) (a+b+c+d) generatlon
installation.
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Risks of RES generation curtailment

= Risks of curtailment depending on:

> (In)flexibility of power plants

con on
i :
rice ion
1 f h el CURTAILED
> (in)adequacy of the transmission I
and balancin in the ramp
capability up/down hours

/distribution infrastructures
(including cross-border lines)

> Possibility of energy storage

» Demand responsiveness

Different feasible
penetration levels of non-

programmable RES
generation

overgeneration
in low loading
conditions

Voltage profile and
reactive power
management

Curtailed non-progr. RES gen.

40%
35%
30%
25%
20% -+
15% -+
10% -+
5% -
0% -

28%

16%
10%
5%

RES penetration for each area

‘ } 1 | | | | | B -
1,000 2,000 3,000 4,000 5,000
Installed RES capacity [MW]
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Barriers to overcome to enhance generation from non-
programmable RES

Risk of (0 [
overgeneration ESCWA
in low loading
conditions

Risk of market

_ price distortion

CURTAILED I

RES GENERATION !!!

Difficult transitions
in the ramp
up/down hours

I Critical
behaviour of
the system in

dynamic
conditions
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Additional reserve
and balancing
capability

Voltage profile and
reactive power
management




Network congestion caused by RES generation

= Wind location dependent — often remote locations w.r.t. the
demand centres

= No correlation between demand and non-programmable RES
generation location - power flowing on longer patterns
through the network with risk of creating “scattered”
congestion also relatively far away from RES generation areas

E——1) 400 k‘- h'r“_x / rl.lg,‘_[ld i
e 220 kV line = \ B
Pem— 150 KV line y \ b

|

Expected congestion in the 150 kVof the Italian pen/nsu/ar regions a’ue z‘o WF
(year 2009) — (source.: CIGRE, CES/-Terna paper)
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Network congestion caused by RES generation
Example of Italian system (1/2)

= Overloads in the High Voltage network (150kV)

Area with surplus of
wind installed capacity
and deficit in load and
network infrastructures

= RES production constraints: ® South

> The secure and reliable operation of the HV 8%
transmission network (150 kV)

» Line overloads in the 150 kV network when
high productions from RES occurred

> Network developments needed to solve some

critical conditions in the Extra High Voltage
(EHV) network

Source: Terna
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Network congestion caused by RES generation
Example of Italian system

= Effect on wind generation curtailments due to actions on et
transmission grid and local energy storage ESEM

Evolution Wind Production Curtailment [GWh]

RES power
plants

700
500
-,-Area ‘with surpl.uss
o of installed power -

from RES with 4o -
respect to the l -
local load and . .

o 150kV  network [ . . . . ..

(Elactrical Enargy Storags System) 2009 2010 2011 2012 2013 2014

(1) 6542 9125 9856 13407 13707 14048
(2) 10.7% 5.4% 2.3% 1.1% 1.2% 0.7%
One of the areas with local congestion caused by wind Evolution Wind Production Curtailment (source:

power in South of Italy (source: Terna) Terna). (1) Actual production (2) Curtailed production

transfer capacity
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Network congestion caused by RES generation
Example of Italian system

= Distribution of average wind speed and potential production
(from Wind Atlas) ES

MWh/MW
3 4085 oMW" BEoBw0 N 00 1000 1500 a0 2500 0 s sso0 e

Source: Terna
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Network congestion caused by RES generation
Example of Italian system

= Clusters for RES power plants

= Current problems in the network planning:

» Optimization of RES clusters maximizing the exploitation of the existing
infrastructures, including the 380 kV level

> Increase the meshing of EHV and HV network to reduce network congestion

> Reduce the environmental impact of the new 150 kV infrastructures

New substation/
380/ 150 kV

| Line 150 kV

/" Line 380 kV

Line 150 kV

Production Area: over 200 MW Layout of substation 380/150 kV

Source: Terna
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Barriers to overcome to enhance generation from non-
programmable RES

Risk of Il
overgeneration ESCWA
Network in low loading
congestion conditions

Risk of market

_ price distortion

l_’ CURTAILED l I

RES GENERATION !!!

Difficult transitions
in the ramp
up/down hours

Voltage profile and I
reactive power
management
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Critical behaviour of the system in dynamic conditions

= Critical dynamic behaviour

caused by: » o
. . — 10 Al
> Intermittency in RES T LA N M ,ﬂ
generation causing a higher |3 ") | | Y [\
stress on the conventional LT
units to balance the system s y a
> Faults (e.g.: short circuits on . N . .
0 5 10 15 20
a network component) Time [}
Frequency (Hz)

Risk of cascading

Frequency [Hz]

effect leading to the
system collapse
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Critical behaviour of the system in dynamic conditions

= Total inertia of the power system degraded with the increased Tm:’
share of wind and solar power plants ® large frequency ESCWA

deviations from nominal value during disturbances

From rotating generators with high inertia
to static productions with zero inertia
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Critical behaviour of the system in dynamic conditions

Risk of over-frequency (not included in the current ENTSO-E
policies)

> This risk increases due to the limited control capabilities of RES

power plants and the need for maintaining the regulating
power in the system

> the periods with over-frequency operation (50.1 Hz) longer than
30-40’ are becoming more frequent

> the risk of accidents during such periods has increased

2001
35000 == 2002 2003

\,2004 2005 2006 2007 2008 2009

2010 2011 2012

30000 e =

25000 - T S T J

20000
Duration [s]

Events [-]
15000

10000

5000

0 et
SRS Y
SRR

SRR
3 S

S 0,

A S

RN R A S
RS AN W

Months of the year

Bl Duration B Number of Events * 10
Source: Terna
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Critical behaviour of the system in dynamic conditions
Example of the Sicilian power system

Scenario May 18t, 2011, h10 a.m.

Island operation of the Sicilian power system (out of service of
the links with the rest of Italian network):

> Demand 2250 MW
» Wind production 260 MW (installed capacity 1700 MW)
» Photovoltaic production 200 MW (400 MW0p)

Generation tripping
Frequency transients under 49.7 Hz
Tripping of Photovoltaic Power Plant (PV-PP)

Load curtailment

Source: RSE (Ricerca sul Sistema Elettrico)
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Example of the Sicilian power system
Case (0) — Only with traditional generation

e BASECASE === \WITHOUT RES /3.l
50.2000 - IEqSJET'“{'J‘I\
50.0000 Tripping of the traditional
unit (150 MW)
2428 HZ
49.8000 f N\ pem T I OA]
_ Tripping of the PV-
F 406000 | S Without non-programmable
9 RES, conventional units are
§. 49.4000 - d'SPatChe.d . _
g = more inertia and regulating
power
49.2000 - => less critical frequency
transients
49.0000 -
Load curtailment
(EAC) 180 MW
48.8000 ; ; ; ; ; !
0 5 10 15 20 25 30
Time [s]

Source: RSE (Ricerca sul Sistema Elettrico)
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Example of the Sicilian power system
Case (1) — Wind retrofitting with inertia

e BASE CASE eeee BOUND OF PV PROTECTION = - BOUND OF EAC DEVICE
= 30% WIND  ececes 60% WIND i1 1]]

UNITED NATIONS

ESCWA

50.100

gg'ggg 4 Tripping of the traditional 11 |
: \_ | unit (150 MW) — % of WPP with inertia

49.950 N . e
49.900 \ Simplified model (Pmec const.)
49.850 s

\'._bU U/O P N
oo |\ i -~
49.700 oeoo00 0000000 0—0—3&%-—0—0—0—0—0—0—0—0—0—0 900 0000000000000000000000000000

49.650 \ \ Tripping of the PV- |/

49.600
49.550 PP (200 MW) 'I

\
49.500 \ 1
\

49.450

49.400 \
49.350 \

/
[
49.300 /
49.250 AN /
/
[
|

Frequency [Hz]

49.200 N\

B
49200 " ase case
49.100 AN

No inertia for WPP
49.050 \

48.950

—

Load curtailment
48.900
48.850 (EAC) 180 MW

48.800

0 5 10 15 20 25 30
Time [s]
Source: RSE (Ricerca sul Sistema Elettrico)
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Example of the Sicilian power system
Case (2) — Pump units operation (Storage)

—— BASE CASE e eee BOUND OF PV PROTECTION — - BOUND OF EAC DEVICE
—— PUMP 25 MW — . PUMP 50 MW —— PUMP 100 MW gl

UNITED NATIONS

ESCWA

50.100 5 . .
50.050 Tripping of the traditional | . Pump units tripping at 49.8 Hz

50.000 unit (150 MW)
49.950 \<' 100_N\N/
' \

A TV 1vivy
49.900
49.850 \ /. >0 MW

49.800 \/ 7 ' ,—_ﬁ%
49.750 ' 25 M\W/

49.700 ooeo00 0000000 o-0-0-0-0

49.650 \ \ Tripping of the PV- [/

49.600
g \ | PP (200 MW)

\ II
49.500 \ I
\ /
/

49.450
49.400

49.350 \\ I
49.300 \ I

49.250 \ I

o N\ | Base case
49.100 \\ / No pumps
49.050 L

Frequency [Hz]

49.000

48.950 — -
48.900 Load curtailment

48.850 (EAC) 180 MW
48.800

0 5 10 15 20 25 30
Time [s]
Source: RSE (Ricerca sul Sistema Elettrico)
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Voltage profile and reactive power management
Italian example

= High Voltages in low load conditions and high production by
RES

= The high production from RES reduces the loading of EHV
lines, increasing the voltages in the EHV network (equivalent
load of the EHV network is reduced)

T Critical zones
Voltage variation in the 400 kV buses

440

430 A—@% ‘“”“

K zw oo

400 e

390 N
N—
380 /

370 -:-A-------------/“ ----------------------- ; .
360 ‘ \/ R ‘
-

S O O N 5 > O
RGN “96" &S
=== Average Value ------ Voltage Bound allowed [375 + 415 kV]

=== Standard deviation Frequency (%) of voltages > 410 kV (hours

with low load, July 2011 - June 2012)
Source: Terna
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Voltage profile and reactive power management

= Low Voltage Ride Through (LVRT) and Over Voltage Ride
Through (OVRT) characteristics

(S, ]

= N W
Ul

1,0
0,9
0,85
0,8

0,7

Voltage (%Vn)

0,6
0,5
0,4
0,3
0,2

0,1

Source: Terna

]

Unit disconnection is allowed

Unit disconnection is not allowed

OVRT characteristic

LVRT characteristic

Unit disconnection is allowed

0,85

-100

100

200

o o o o o o o o o o
o o o o o o o o o o
m < n () ~ o] (o)} o - [g\]
e < d

Time (ms)

1300

o o [=2 (=2 o o
(=] o o o [=] o
< n () ~ 0 )]
— — — — — —

2000

2100

2200
2300
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Voltage profile and reactive power management

Impact of the Distributed
Generation (DG) on the Voltage

lcc WPP (fully converters)
=1.1+151In

lcc WPP (DFIG) =1.5+2.0In
Icc PV units =1.11n

lcc synchronous generators
=4 +51In

The replacement of rotating
generators with RES generators
decreases the short circuit
current (Icc) and increases the
area with disturbances on the
voltage figures

Source: Terna

distance
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

1. - Total Eclipse of the Sun PEMEER ) Installed PV capacity | ‘nai
in the European I
synchronous area:
90GW

v" Potential PV infeed
reduction due to the
eclipse: 30 GW

v Very high ramps
down and up

AT = +6%:8
©HM Nautical Almanac Office Globe centred on E 829 and N 5572

Source: http://astro.ukho.gov.uk/eclipse/0112015/
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Start eclipse End eclipse Max Location
uTtc uTtc obscuration Umih—“;"w

Austria 08:31 10:52 62% Klagenfurt ESCWA
Belgium 08:27 10:45 80% Brussels
Bosnia 08:35 10:54 51% Sarajevo .
Bulgaria 08:44 10:59 40% Plovdiv Duration and
Croatia 08:33 10:53 58% Zagreb max Solar
Czech Republic 08:36 10:57 69% Prague . .
Denmark 08:40 10:58 83% Arhus obscuration in
France 08:20 10:38 77% Orleans the Continental
Germany 08:33 10:52 76% Kassel
Greece 08:38 10:51 37% Larisa European
taly 0824 L0:4 —r— I

aly 2 : 59% orence
Luxembourg 08:27 10:46 76% Luxembourg Zoth M d rCh
Netherlands 08:30 10:48 80% Nijmegen 2015
Poland 08:45 11:05 67% Lodz
Portugal 08:02 10:12 70% Coimbra
Romania 08:48 11:05 47% Brasov
Serbia 08:39 10:58 51% Belgrade
Slovakia 08:41 11:.01 61% Banska Bystrica
Slovenia 08:31 10:52 60% Ljubljana
Spam 08:05 10:18 67% Madrid
Switzerland 08:24 10:44 70% Beme
Turkey 09:01 11:03 25% Ankara

Source: ENTSOE
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Comparison of expected infeed from solar on March 20 during gy
clear sky conditions with and without solar eclipse (ex-ante simulation)

60,000

50,000 - A /
40,000 ~32 GW
; 20,000 —Clear sky
Salar eclipse
- Difference
0 8:30 9:00

9:30 10:00 10:30 11:00
Source: ENTSOE

uTcC
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Effect on PV power infeed gradients (ex-ante simulation) friop
ESCWA

800

600

400

200

MW /1min

-200
= === Gradient clear sky MW/min

Gradient solar eclipse MW/min

-400

-600

Source: ENTSOE
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Focus on Italy: effect on frequency (real recordings)

q

Tempo HH:LINSS

Frequency behaviour during the minutes of max obscuration
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Focus on ltaly: effect on ASM (secondary reserve)

ww decondary reserve in Continental Italy

2500

2000 — A Effect of th
/ \ N <‘I:|eclie|ocseo )

1500

1000 / \
500 N :/ ,/ \ \’§A

0 T T I I I I I T I I I I I T I I I T T I I I I 1

1 2 3 45 6 7 8 91011121314151617 1819 2021222324

—20/03/2015 ——19/03/2015

Extra-cost to purchase secondary reserve (ex-ante): 1,5 M€ (+67%
w.r.t. the previous day)
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Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Focus on ltaly: effect on Day-ahead market

¢/mwh National Unified Price

100,00

90,00

80,00 7~/\

F0,00 \

o r~ L_é/\f/\%¥

o %/9 /\x/ —

40,00 g ~—

Wy ———m—————————————TT—T—T—T T T T T T T T T T T T T 1
12 3 456 7 8 9 1011121314151617 1819202122 2324

——t0-mar =——]0-mar

Average daily Delta price: 11,5 € MWh
Extra-disbursement for the customers: 10 M€ !

CESI Trust the Power of Experience September 2015 | 47




Coping with exceptional events in presence of VRE generation: the
partial solar eclipse occurred in Europe on 20t March 2015

Focus on Italy: further actions taken ex-ante

ww  NTCon 20/3/2015
9000

7000 | / >
5000 \ /
3000 \ /

2000 \ /
1000 \ /

0

1234567 8 9101112131415161718192021222324

hours

Reduction of NTC for power import: down to 1 GW

Preventive disconnection of 4,4 GW PV
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LOOKING AHEAD:
Evolution of RES generation capacity mix in Europe

Load demand trend: four visions recently formulated by ENTSO-E | ..°%

Demand incl.
Vision (year 2030) Pumping

RES CO2
penetration| reduction

(TWh)

3712 40% 36%
4167 49% 62%
4327 60% 78%

Peak demand evolution: slow growth in the next decade. CAGR
of January peak load 1% per year.

Source: ENTSO-E
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LOOKING AHEAD:

Decarbonisation targets in Europe

EU targets o

ESCWA
2020 P, adinJ 2014 by th
. roposed in January y the
20% CO, reduct. “Barroso EC; approved by the
20% RES i European Council on Oct. 24t
2030
“at least” 40% CO, reduct.
27% RES :
2050
' 80% / 95% CO, reduct
Full decarbonisation of
the power sector
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LOOKING AHEAD:
Decarbonisation targets in Europe

Longer term trends

Vision 3 : Green transition Vision 4 : Green revolution

+
&2
v
=}
oo
=
Q
o
w
Total X-border Exch. [=] Total X-border Exch. 734TWh
Dermand incl. Pumping g Demand ind. Pumping 4327 TWh
RES Penetration ~N RES Penetration 60%
002 Reduction {1990) ' €02 Reduction {1990} 78%

- European integration +

Total X-border Fxch Total X-border Fxch. 757 TWh
Demand incl. Pumping Demand ind. Pumping 3712TWh
RES Penetration RES Penetration 40%
D2 Reduction {1990) €02 Reduction {1990} 36%

mRES

W CCS+biofuel

m Nuclear

wGas

W Lignite

m Coal

mOil
Vision 1 : Slow progress Vision 2 : Money rules m Other non RES (incl hydro)

Source: ENTSO-E and CESI elaborations
* Installed RES capacity, compared to less than 230 GW today
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LOOKING AHEAD:
RES generation as the main driver for grid development in Europe

The dramatic change in the generation mix is prompting
for substantial investments in the transmission grids.

The TYNDP 2014 of ENTSO-E estimates about 150 b€ of
investments by 2030 in transmission grid expansion.

The vast majority of new transmission
reinforcements is related to the integration of RES
generation: “approximately 80% of the projects of
pan-European significance help integrate RES either

by directly connecting RES or by transporting RES
power to end-consumers’ *

*ENTSO-E TYNDP 2014
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Situation in Italy

Solar and wind installed capacity [GW]

30 1 20 ®°  Forecasted VRE installation: i
2.5 ESCWA
al Solar = 5-years ahead:
19.7
20 - " Wind 195 > 23.5 GW PV
18.5 .
s | 164 > 12.7 GW wind
oz BB = 10-years ahead:
10 -
» 29.8 PV
5 > 15.6 wind
0 - Italian electricity production by fuel in 2014

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Renewables ;117 TWh Total : 268 TWh Conventionals : 151 TWh

9%

W Hydro
X 3%

20% | Bioenergy B Gas

28% W Geothermal H Coal

1 Wind = Oil
0,
L Solar 26% Other
5%
Source: Terna m Conventional mRenewable
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Possible solutions to overcome barriers and maximise penetration

of RES generation
= Energy storage

Two levels:

1. small scale to smooth high
frequency low amplitude
intermittency: batteries at s/s

2. large scale for system wide
stabilisation: hydro pumping /
different policies for unit
commitment (higher rate of start
up/ shut down of unit : OC TG)

Demand response from users

including electric vehicles

CESI Trust the Power of Experience

September 2015 I 54




The role of transmission infrastructure: the electricity highways

@ EUrenewable energy potential and future
electricity infrastructure needs &=

A

Wind energy
onshore

Solar energy
Wave energy

Bioenergy

Source: EC
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