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Outline 

 

• Liberalisation and regulatory authorities 

• RES integration in the Arab region 

• RES integration in the EU  



Liberalisation 
 

 

 

 
 

• Authorisation regime  
 

• Unbundling – functional/legal/ownership 
 

• TPA – negotiated/regulated 
 

• Liberalisation – partial/full 
 

• Consumer protection  
 

• Regional integration 
 



 

NRA 

 

• Designation and Independence 

• General objectives 

• Competences 

• Enforcement 

• Accountability 

• Regional cooperation 

 

  



NRA independence 

 

• Legal framework 

• Independence of the board 

• Sufficient human and financial resources 

• Judicial review 



NRA competences 

• Tariff setting 

• Networks rules and standards 

• Market monitoring 

• Access to information 

• Consumer protection 

• Unbundling 

• Environmental sustainability 



RES benefits 

 

• Reducing dependence on imports 

• Long term energy security  

• Meeting growing energy demand 

• Market competition 

• Climate change 

• Rural electrification 

• Industrial development 

 



RES promotion 

• Legislative framework 

• Regulator 

• National targets 

• Promotion mechanisms 

• Market access 

• Tracking electricity 

 





 

 

Targets – North Africa 
 

 



 

 

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 

 
 



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 
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RES integration 

2015 RCREEE Arab Future Energy Index 



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. 

 



EU Energy and Climate Policy 2020 

 



EU 20-20-20 



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) 



 

2015 CEER Status Review RES 

 

• Electricity volumes receiving RES support 

• Expenditure on RES support schemes 

• Market integration 



 
 
 

Share of total electricity produced receiving RES support (2012) 
 
 
  

• Electricity volumes receiving RES support 

 

 



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

 

 



 

Weighted average support level by technology (€/MWh) 

2013  

 

 

 

 

 

 



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) 



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  

 

 
 

 



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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ي حو ل التدري  رش الع

يع   ا النقل  التو تجدد مع ش امل الطاقا ال  ت
بي نطق الع   في ال

 
 

ندس   ليد الدغيلي  الدكتور ال
وا   استشاري ااس

 
ا ت /أيلو 3 2اأرد /ع  2015س

 

فر  تحديا  معوقا التكامل بين 
كا   مصادر الطاق المتجدد  ال

ربائي  الك
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ي  المحت
 

 
دم   م

  
لا  ق  -أ دة من الط ل العربي  فرص في الست ن الد امك

ء رب ج الك  المتجددة لنت
  

ا  ني ئي -ث رب ج ع الشبك الك ادارة اأنت يز  اعد تج  ق
                                                    

ا  لث ق  -ث لط ئي ب رب لي  تحدي تغذي الشبك الك أشك
ح                                                                        ق الري ق الشمسي  ط  المنتج من الط

  
                                                    

 خاص 
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دم      -1-م  

د   @ بشري منذ ال ري ل ق ضر ئي ال/ الط ج المست الن : ح  
ئي ---   ق الض ق الحراري  الط ءة :الط : اأض  

ق الشمسي الحراري-------- د -الط ق ي احترا ال ئي: عم تي  الكت اأحي ح النب ال  
نيكي ---   ق الميك ح: الط ق الري ئي-ط ق الم الط  

ي  العن                            محرك اأحترا الداخ  
ل @ ستعم ر المنتج ب من في البخ ق الك د ع الط عي عبر اأعتم رة الصن حص الث

ح الحجر  ال
ء @ نيكي ، ج ق الميك ق الحراري  الط ئي بعد الط رب ق  الك ق الط المنتج من الط

ق الحراري كشكل  ئي  الط ا: نبلالم يل  اأست ل  التح ل الن لس  
ز@ ط  الغ ل  تخزين) الن ني ن ق ( مك ج  استخدام الط نت عي في  حدث ن ن

ئي رب  الك
ع اأمدادا@ ط ن ر   ع اأسع رت خطر النض    
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دم      -2-م  

بيل@ ادث تشيرن ف من تكرار ح ، لكن هن تخ ي ق الن لط ن ب عي استع ل الصن الد  
... ث اأنبع خ  لمي  تغير المن ..... اأحترار الع م البيئي ث  ال  @الت

ء /التنمي  المستدام@ د البشري/صراع الب /الخ/....ت  
?? ق من @   الط  

قستدام @  ؟الط  
ق المتجددة@ ئي: الط ق الم ق / الط ح/ الشمسيالط ق الري ق / ط ئيط الخ..الكت اأحي  
ا مركزي      
د  الخزان -تخزين     ا      ل السد ء ح ستثن -ب  
ب @ ئي ق رب ق الك قالط ل الط شك ف  ج ك ل  أنت ق الحراري : لأستعم ق  الط الط

نيكي .......الميك  
رن  رن  19ال ، ال ح الحجر ن ال ط   20ك ن الن اآن ك ز، رن الغ ء 21ال رب ك ل  

ء@ رب ق الحديث عبر الك ان: خدم الط ج؟               : احتم مركزي  امركزي اأنت
حدة ا الشبك المنعزل                               ؟الشبك الم  

 

mailto:.....@\330\247\331\204\330\252\331\204\331\210\330\253
mailto:.....@\330\247\331\204\330\252\331\204\331\210\330\253
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دم       -3-م  
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دم      -4-م  

23% 
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دم      -5-م  
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دم       -6-م  

ق المتجددة في الع @  ز حص الط ل العربي ل تتج ئي  2.97)٪ 3.85 2014في الد ق م ط
ق شمسي  0.5+ ح 0.36+ ط ق ري  (  ط
  
ق المتجددة @  در الط ئي من مص رب ق الك ج الط ر : نت ااستثم د  ااقتص ني  ج ال مرح النض

باً، تزايد مست ب ل ر بكمي ق ً  -التج ريخي ئي ااسب ت ق الم ف ال الط  :  -إض
ح -       ق الري  :       ط
ق الشمسي الحراري المركزة       -             CSPالط
ئي -      ق الشمسي الض ئي : الط رض لخاي الك دي من  " Photovoltaic cells "PVب الع

 .CPVالمركزة 
 

اسط @  ئي ب رب ق الك ج الط ف مركزي انت تزايد قدرات ت في ظر ئي  رب ع نط الشبك الك إتس
ب متزامن  من

 
دة نظر @  رض اع كبر ، ي ق الشمسي بنس  الط ح  ق الري ق المتجددة ا سيم ط در الط د مص اعتم

ب  ز الع تج ب  ، لتافي الصع ني الت لي  يراً في ااس  تط
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء            رب ج الك -1-لنت  
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لا  دة من -أ ل العربي  فرص في الست ن الد امك
ء   رب ج الك ق المتجددة لنت  -2-الط

متر مربع من الصحراء  كل كي
دل  ق شمسي مع ً ط ي يت سن
ن من  ي نصف الم ن  ي ق م لط

ط   براميل الن
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لا  دة من -أ ل العربي  فرص في الست ن الد امك
ء      رب ج الك ق المتجددة لنت  -3-الط
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لا  ق -أ دة من الط ل العربي  فرص في الست ن الد امك
ء           رب ج الك -4-المتجددة لنت  

 
د شر الب ع الشمسي المب  *الشع

Direct Normal Radiation DNR  
ع- ا س  -سن/متر مربع/كي

دي  ني القتص ى ال الجد
ج سن كدة لنت  *الم

ع- ا س ن ميغ ي  -م

ب في الع  درة المط ق الم الط
2025** 

ع- اط س ن ميغ ي  -م

 26 33 2050 البحرين
 212 28647 2000 العرا

 35 6429 2700 الردن
ي  116 1525 2100 الك

ن  19 14 2000 لبن
ن  71 19404 2200 عم

 61 792 2000 قطر       
ك العربي  المم

دي  السع
2500 124560 617 

ري  79 10210 2200 س
را العربي  الم

 المتحدة
2200 1988 268 

 13 5100 2200 اليمن
 111 168972 2700 الجزائر
 399 73656 2800 مصر
 67 139477 2700 ليبي
 64 20146 2600 المغر

نس  29 9244 2400 ت

: 
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء          رب ج الك -5-لنت  
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء        رب ج الك -6-لنت  

 
يج ال المحيط، يتيح ع المنط العربي من الخ  :اتس

- ً المغر غرب ني  ريت ً ال م ن شرق طن عم ق الشمسي من س دة من الط فر / ااست
قي  ع 4الت يج العربي .  س ل الخ ل العربي هي )د لي الد اك من اجم نسب است

ا ع (  55٪ ة ااست ع ذر س ر،  ع الن نس  الجزائر، تست اكثر خال س ت
ع الشمس خال فترة سط ر الصيف  ئي هي خال اش رب ت الك  شبك

س - ب في ن ن غي ءل مع امكي عدة، تتض ط متب ح في من ق الري دة من ط ااست
ق   ال

ل - تصدير ال الد ل  ، ي طني المح ج ال ح ء ل رب ج الك انت ق المتجددة،  ر الط استثم
ل المنتج د لي ل ائد م مين ع ت  ، بي ر  اأ

ئي  - رب ح الربط الك ج في -تعزيز فرص نج ئي التي يمكن انت رم ق الك دة من الط ااست
ض النيل  ل ح اط)د لغ قدرته المئ جيغ ع سد انج الب ي ( مشر ً في تح يض ه  مم يس

سي ن السي  .  إزال ااحت
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لا  دة من -أ ل العربي  فرص في الست ن الد امك
ء     رب ج الك ق المتجددة لنت  -7-الط

  2013 2014 
ل ي الد قي المح ريخ الت ف  الت قي  الت

GMT 
ي قي المح ريخ الت ف الت قي   GMT الت

 15:25 28/12 17:25 16:10 17/12 18:10 )*(الردن
را العربيااااااااا  المااااااااا

 المتحدة
16:39 06/08 12:39 15:30 10/07 11:30 

   25/08   11:39 04/09 14:39 البحرين
نس  13:30   14:30 12:30 29/07 13:30 ت

 14:30 11/08 15:30 20:00 07/08 21:00 الجزائر
ري  16:30 18/02 18:30 15:00 24/01 17:00 )*(س

ن        11:00 25/07/2012 15:00 عم
 12:15 07/09 15:15 11:04 18/08 14:04 قطر

ي  11:30 11/06 14:30 11:30 17/07 14:30 الك

دي  12:00 31/08 15:00 العربي السع

 17:00 06/08 20:00 18:00 16/07/2012 21:00 )*(مصر
 21:30 27/08 21:30 21:00 09/07 21:00 المغر

مي     ء في ع رب ا الك ة أست ق ذر   2014  2013أ
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لا  دة -أ ل العربي  فرص في الست ن الد امك
ء    رب ج الك ق المتجددة لنت -8-من الط  
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء       رب ج الك  -9-لنت

? Iran
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400 MW

Lebanon 250 MW Syria 300 MW Iraq

2312 MW 9344 MW 16952 MW

Morocco Algeria Tunisia Libya 300 MW Jordan

6369 MW 11390 MW 4022 MW 8907 MW 3505 MW
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء      رب ج الك -10-لنت  

 
ء رب ج الك ق المتجددة لنت د الط م لعتم افع أخرى ع د بي   :ايج

ل العربي منه - ني الد خ، الذ ستع س الحد من تغير المن رة التج مع سي ضر
ق ج الط ر انت د ااح ق تج عن حر ال ث الن يض اانبع تخ  ، اه  .  كثر من س

 
بي ع صح - ئج الس دف الحد من النت ، ب زا ااحترا تج عن غ ث الن يف الت تخ

ق المتجددة نظي ، ان الط لمنش الحد من ااضرار ب  ، النب ن   .اانس
 

ل ع  - الحص بيع  رج  ز، تسمح بتصديره ال الخ الغ ط  فر في كمي الن ي  تح
لي  ارد م ط ) م ن ل العربي المصدرة ل ل (الد ع الد فر في ميزان مدف ي  تح  ،

العم  م  ازن الع هل الم ء عن ك يف الع تخ ز،  الغ ط  ن ردة ل العربي المست
ل طني في هذه الد  ال
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء          رب ج الك -11-لنت  

 
-   ، ق من الط قي  ال الط ه في ااست هي تس جد،  طني حيث ت ة  ق المتجددة ثر الط

ق يع في مزيج الط  .التن
 

جس  - ن من ه ق المتجددة، غير معرض لخطر النض لمايين السنين،  تحرر اانس الط
ر  سع رجح  ثرة بت ئي غير مت رب ق الك ر الط سع ،  تجعل  ر د ااح ق استنزافه ل

ط  .الن
 

رن مع  - لم ق المتجددة ضئي ب در الط ء من مص رب ج الك نت يزا  ن تج ك صي
يدي ع الحراري الت  .المجم

 
ن - رة الكرب فرة  تج يل اأخضر المت دة من آلي التم ني اأست  .مك
ل   - ح مع ق الري من ط ق الشمسي  ء من الط رب ع ك ا س ج الكي نت ك 

ض  .مرشح لأنخ
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء                رب ج الك -12-لنت  
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء          رب ج الك -13-لنت  
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء        رب ج الك -14-لنت  
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء     رب ج الك -15-لنت  

 

 EDF-Jamaique 2013 
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لا  ق المتجددة -أ دة من الط ل العربي  فرص في الست ن الد امك
ء       رب ج الك  -16-لنت

ج المستدامين اإستراتيجي @ اإنت ا  يمي لاست  العربي اإق
ن البيئ) لين عن ش زراء العر المس س ال  2010/ مج
o ل ع ني الحص قتحسين إمك  الط
o ق المتجددة في مزيج دة حص الط دزي ق  ال
o ق جي الط ل  المتجددة نشر تكن

ق المتجددة@  اأستراتيجي العربي أستخدام الط
ن ) لين عن ش زراء العر المس س ال ءمج رب     2011(/الك

د @ م العربي  عدة قرارا ج عي   ل الجتم ي  التنم دي  ي القتص منذ قم الك
ي   2009/الك

 
ي               سي ع أع المست رار السي افر ال  ت
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ا  ني ئي -ث رب ج ع الشبك الك ادارة اأنت يز  اعد تج ق  

-1-  

ئي @ رب ج ال :الشبك الك در انت ، من مص ئي رب ق الك ع ممرا لحرك الط مجم
اك ط است ه الذ يحك . ن ا مط بشكل مستمر،  ااست ج  ازن بين اانت الت

ق م يعرف بحرك الط آلي ادارة الشبك  هي  .م  
د معين @ ج ضبطه في حد ر المتردد، م يت لتي طني تعمل ب ئي ال رب الشبك الك

 :ه
د  - تر  الج ل)الت ف ل  الكي س هي ال ي  (حدة ال
رتز)الذبذب  التردد  - س هي ال ي  (حدة ال

ني @  اعد ال ال ف اانظم  ل  ب ء م رب عي ك تشترى /المط ن ع  ع تب س
ح محددة عي محددة مع درج سم ن اص   .بم

لي @  بعته عبر مراقب التردد، الضبط اا ا تت مت ااست ج   ازن بين اانت الت
تردد  الثاثي ل ن  ن عبر التدخل ع Primary-Secondary-Tertiary الث يك

 ً تيكي م ت يدي  ج الت ع اانت ً / AGCمجم ي  .   يد
 



Page 26 © 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 

ا  ني ئي -ث رب ج ع الشبك الك ادارة اأنت يز  اعد تج ق  

-2-  



Page 27 © 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 

ا  ني ئي -ث رب ج ع الشبك الك ادارة اأنت يز  اعد تج ق  

-3-  

ا @ بي اأست ي لت ع ل ال ع درة ال ج ال بع : نت الذبذب/  الترددعبر مت  
 

مين @ ترت د/الت درةالعكسي:   الج ج   ال نت الردي/ عبر   
 

ء@ رب عي الك ن  
 

ارة المتزامن@ لدا الد الم  
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ج -ألف يزه في محط النت ج تج جي المت درة النت حي ال  : لن
زة الازم  درا المج لي ال ا = اجم ة ااست ء ذر ب اثن درة المط ار + ال طي د احتي

ب +  طي ث رة المرتبط مع + احتي ريده  تصديره ال الشبك المج درة المراد ت ال
رة – )هذه الشبك  درة المراد استيراده من هذه الشبك المج  (  ال

ة-                           ع الذر ء س لطبع اثن  -كل ذل ب
   

ار@ طي الد ج اليه  : ااحتي ر الح بي الط ف ليد التي يمكن ت ع الت ع  مجم مجم
ب @ طي الث عمل،خال فترة :ااحتي هزة ل ن ج ليد التي تك ع الت ع ا مجم مجم

ع ز عدة س  جيزة ا تتج
ئي  @   ع الم ع: المجم اقع هذه المجم يل  رة تح  ضر
خزان بسع مائم   د  ء  سد ، عبر بن ب طي ث حتي ك ار  طي د ده كإحتي عتم يمكن 

ق@ مين الط درة  ت مين ال رة التمييز بين ت  ضر
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ح @ ق الري ق الشمسي  من ط ئي من الط رب ق الك ج الط حدا إنت ن ل لن يك
د هذه  ج رض  لعكس سي ار، بل ب طي الد ااحتي ب  طي الث ر ااحتي ي بد ني ال امك

ب ل ار  ث طي د حدا لحظ احتي  .  ال
 
ح  المحط الشمسي@   درة مزارع الري زه ل ع ا يمكن تج ضع حد   .فكرة 
 

ل @ مل الدخ ح بين   Penetration Factor Capacityع  !٪ ؟40٪ 20يترا
 

ئي@ رب ق الك ج الط ً عن انت ً  جزئي ي ح ك ق الري ءل فرصه عندم : غي ط تتض
راً  كثر انتش ح  مزارع الري  ً ع كثر إتس ئي  رب ن الشبك الك ء . تك رب ج الك  كذل انت

ر ء فترا الن ئي اثن رض اسط الخاي الك ق الشمسي ب  .من الط
 



Wind Energy in Spain 
Installed Power (31/12/2013) 

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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ء ازن  -ب مين استمرار الت ت دل  ج قدرة مع ن، عبر انت ك به المست بي م يط حي ت لن

رار التردد  ظ ع است الح ج،  النت ا  ل منحني : بين الست يمكن ماحظ اشك
بي الط ع  رض ت ، لكن ادارة الشبك ت لحد اادن ل ب متغيرة   ، ع ا متن است

ق ،في جميع اأ ق  .الط
ئي برمج تشغيل محط - رب شبك الك طني  مركز التنسي ل دة مركز التحك ال ل ع يت

مي المط لـ  ف المنحن الي ج  مين اانت ليد، لت ً في السن 365الت مي ن محط : ي ف
ليد  هن محط الت ل،  اجم ع ب العشرين س م ع مدار ااربع  سي الع ليد اأس الت

طي ع ااحتي هن المجم ة،  ترا الذر ليد ل ع الت هن مجم  ، سي  .  نصف ااس
 
دي- اقتص ذج فني  ف نم اره  بي اد ع الحراري مصن لت ن المجم  .ك
 



Page 33 © 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 

ا  ني ئي-ث رب ج ع الشبك الك ادارة اأنت يز  اعد تج ق  

-9-  

 



Page 34 © 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 

ا  ني ئي -ث رب ج ع الشبك الك ادارة اأنت يز  اعد تج ق  

-10-  



Page 35 © 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 
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ن  ح، د ق الري ط ق الشمسي الحراري  الط ئي  رض اسط الخاي الك ليد ب اجد الت يت

ي اأفض ي  ل له اأ  ،  .  ارادة ادارة الشبك
 

ق المنتج -ألف الط زة  درة اأسمي المج حي العاق بين ال يدي من : لن ع الحراري الت تتميز المجم
د  ع يصل ال حد زي مرت مل ج درة ع العمل بع ن ق ئي بك رب ق الك ج الط ، انت ي ٪، 90الن

ن ينتج خال / ز  اط المج ميغ يمكن ل زة،  درة ااسمي المج ج تصل ال ال درة انت ج الي ب تشغي عند الح
احد م يصل ال    MWh  8000الع ال

  
ر@ ر اأن ه في مج افر المي ف ت درة ع العمل  ، ق ئي رب ق الك ج الط ئي انت ع الم ف / المجم

در تغذيت مص سعت  د التخزين  اجد سد خي : ت ف المن بع الظر ل عن ادارة الشبك ال مت يضطر المس
ع ا عدمه ذ قرار بتشغيل المجم ريغه، قبل اتخ منحني ملء السد  ت ر  ر كمي اامط  .  تط

ل العربي  احد : في الد ز  قد ا ينتج في الع ال اط المج ف 1000الميغ ع في سن ج اط س ، /ميغ شحيح
د  ج  حد ز اانت ع  5000قد يتج اط س ل في سن شحيح  )ميغ ن ع سبيل المث ئي في لبن رم ج الك اانت

ن  2014كع  ز ال  190ك اط المج ج الميغ ، فتدن انت ع اط س ً في  688جيغ ب ن س ك  ، ع اط س ميغ
ر  امط ج سن  -سن غني ب ع 1363حيث حصل انت اط س صل ال   -جيغ ع 4938قد  اط س  ( .جيغ
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ئي @ رض ة:الخاي الك ا ذر لكي زة ب درة المج ف : يت تحديد ال مح  في ظر
سي ً بم يعرف بـ : قي لمي ،  Standard Testing Conditions  STCت تحديده ع

ن قدرة الخاي سي امتح ي ف التجرب ال  :هي ظر
ا في المتر المربع- غ الف  ع شمسي يب  اشع
ي - ي 25= حرارة الخ  درج مئ
اء - مل كت ال  = AM1.5ع
 
 

ءة @ درة  الك ض ال ً تنخ ي  عم
ع الحرارة    .عندم ترت
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ح    ق الري  -5-الشمسي  ط

د -    ي بحد د الخاي ، ف درة مع ت ءة  ال ض الك ا 90نخ ٪ من اارق ااسمي في العشرة سن
د  ض لتصل ال حد تستمر في اانخ  ، ل ر 80اأ ة الخاي 25-20٪ بعد مر  : سن من حي
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ليد درة السمي نظ الت ا  ال ي ق المنتج سن ا  الط ي فئ سن ع مك  عدد س

ح ق ري  MW 16000 MWh 3200 5 حدة ط

ني )حاادة شمساا حرارياا مركاازة  اسااب
Andasol) 

50 MW 182000 MWh 3640 

ي   Flamanville 1300 MW 9600000 MWh 7385)فرنس )حدة ن

ط  ع دارة مخت زهراني ا ديار )مجم
ن ر لبن  (عم

435 MW 3277000 MWh 7532 

ئي رض  2500-1000     خاي ك
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ء م ع الشبك -ب جي اأخرى الع ع اأنت ءة المجم ثير ع ك حي الت د التغيرا في قدرا : لن ت
، ال تعديل العمل المبرمج  م ع الشبك ح الع ق الري ق الشمسي  ط ء من الط رب ج الك يزا انت تج

ق محر ا النسبي ل دة اأست ءة  زي ض الك ً ال خ لب ،  غ يدي ع الت مجم  ل
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ع -جي   ج ال ربط مجم زيع  الح ء ع شبك الت رب ج الك ح لنت ق الري ط ق الشمسي  تر )الط ت
ض سط  منخ تر (: مت يدا لج الت د ذل ال تع ، في ع ذه المجم درا اأفرادي ل دي ال بسب محد

ر المستمر ر المتردد  التي ر بين التي اأختي يل  زيع  التح ...........قدرا الت  
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تر -دال  ر  الت ه التي اف  التسب بتش ل مت حي ادخ ئي : لن رض ق الشمسي الك ن تطبي  الط ك

ء رب ج الك ح انت ق الري ني  ط لكتر يزا   . تتضمن تج
ء اسع أكبر -ه ح  ج ال مس اه :الح ح التي تشغ س رن مع المس لم :ب  

احد     -  في بين العن في الصف ال ف ك د مس ج ر  ، من الضر ثاث ال خمس ) العن الريحي
ف العن (مرا قطر ريش العن ،(مرة قطر ريش العن 14ال  10)،     بين ص  
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ح    ق الري ق الشمسي  ط  -13-الط

ئي - رض اسط الخاي الك ء ب رب ج الك ح الخاي هي: انت ب ل ح المط  :المس
ر د الب ن اأح يك ع السي خاي من ن ة 9-7  ل ا ذر كي  متر مربع ل
ر ن المتعدد الب يك ع السي خاي من ن ة 9-8  ل ا ذر كي  متر مربع ل

ائي ن العش يك ع السي خاي من ن ة  20-16   ل ا ذر كي  متر مربع ل
 

ي الخ زة حم ج ا  مح ب  عدة  المتمم من من يزا المس ف الي التج ، ...يض
، فتصبح  ع معين شع الشمس في س حج  يل  شي التظ رة تح ف ال ضر اض

د  ح بحد ة 40المس اط ذر ميغ  .لف متر مربع ل
 
ق الشمسي المركزة-   في : الط ل ع نسب تركيز ك حص ح المراي ضخم ، ل مس

ل ع الحرارة الازم حص  ل
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ح    ق الري ق الشمسي  ط -17-من الط  

 

  
شرة- شع الشمس المب افر  ق الشمسي المركزة: عندم تت ني الط : .........   ت  
   
درا  مخت - هزة مصمم ب يزا ج لمي تج ا الع جد في اأس  250ابتداء من )ي

ء رب ا ك (كي  
ءة المركزا - ق حراري )ك يل ال ط %(55-50التح  
ئي - رب ق ك يل ال ط ءة التح %20ك  
لي - ءة اأجم %11-10الك  
 

ا  - لكي درة ب   250             500                 1000:              ال
لمتر المربع- ح ب 620            12000             23800:          المس  
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ا  لث ق المنتج من  -ث لط ئي ب رب لي  تحدي تغذي الشبك الك أشك
ح   ق الري ق الشمسي  ط -19-الط  

 
ه-ا ج ال المي ري الذ يعمل : الح مكثف في نظ الدارة البخ ه التبريد الازم ل ج لمي ف ال الح إض

ءة  ض الك د انخ دف ت ر، ب ه لتنظيف المراي من الغب مي في ل ج اض ق الشمسي المركزة، هن ح لط ب
ج، مثاً  ءة اانت لي ك لت ب ه  300لتنظيف مراي نظ البرج المركز  : البصري  لف متر مكع من المي

درة  ً لمحط ب ي ح الخاي  ريش العن الريحي. MW 50سن  . كذل ل
  
ق -زين  ب تخزين الط ئي : صع رب ق الك ط ل ح  ق الري لط ق الشمسي  ط سي ل ط الضعف ااس  .  ن

ل--- ري : الح ئي في البط يثي) التخزين الكيم ل (مع ال ط استعم اء المضغ جين  ال يدر ج ال انت  ،
ني ال دي  اه ااقتص ريخه إثب جد ل تستطع لت جي مك  ل ً، تكن م اح قت  .  ط

د معين-– ً في حد لي  :حان معتمدان ح
ل - ً عمل هذه  CSPالتخزين الحرار في المحط الشمسي الحراري المركزة : الحل اأ حيث يصبح ممكن

يب  ر ال تذ ماح معدني يص ، عبر تخزين الحرارة في  ع عشرين س تغير / المحط ع مدى ااربع 
ع  ق حراري مرت ئل يسمح بتخزين كمي ط مد ال الس لت من الج دي   )ح ماح الص ل ع ذل  مث

سي   ت  (    NO3Na   NO2Na  NO3K: الب
ني  - ني منذ سنين عديدة: الحل الث ال دي  اه ااقتص ً ، ثبت جد ريخي ئي: سب ت ق الم  تخزين الط
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ء  ي-ح ي تي  التم سس الم التنظيمي  التشريعي  سي  ا السي ج  : ال
دم -1 ا ال زه في العشر سن درة المج ع ال ج لمض ن هن ح د )ستك اط 500  قدرة بحد (  لف ميغ
؟ .  ت ء حي يزا قديم عند انت ستبدال تج يزا الجديدة؟  ؟ ك التج درة ع ذل ء ق رب سس الك هل م

ق  ق الشمسي  ط يزا الط لي  لتج سيسي الع ح االك  الت ي ؟ !  لري ي ة التم ج ص لسد ال ع الخ ط ال
من  لن يت  ، ل العربي ر في الد ل ع ااستثم ص لاقب ع الخ ط ن ل ء الضم اعط ر  اء لاستثم يئ ااج ت

د الحك الرشيد ج التشريعي  سي  السي رار اامني  است ى ب  .ذل س
ن في ااستراتيجي-2 دف المع ح ال ض لي: عد  ق اأ ي من الط ئي / نسب مئ رب ق الك نسب من الط

زة / المنتج درة المج  نسب من ال
دف، ا تضمينه  -3 مين هذا ال مج زمني، لت ن في ااستراتيجي ال خط عمل مع برن دف المع عد ترجم ال

ل العربي يل من الد ء عدد ق ستثن ، ب ق ع الط ط ص ب  .في التشريع الخ
ي  -4 ي تي  التم سس ر الم ص ء : ال رب ع الك ط ظم ل ،  عد تمتع هذه /غي هيئ ن ق ع الط ط  ل

في يئ بصاحي ك ً لدع تعري . ال مي ً حك ء تت دعم رب سس الك م ن معظ شرك  ف ال  اض
ص ت الخ ازن ني من عجز مزمن في م تع كين،  ئي ال المست رب ق الك ء في +مبيع الط رب شرك الك

ط  ن ل العربي المنتج ل ، مم /الد ني شبه مج م  ر مدع سع د ب ق ت من ال ج ز، تحصل ع ح غ  ل
يد ج الحرار الت ي لانت  .يعطي افض
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ا  لث ق المنتج  -ث لط ئي ب رب لي  تحدي تغذي الشبك الك أشك
ح     ق الري ق الشمسي  ط -21-من الط  

 
ئي المنتج من  -5 رب ق الك ي مميزة لشراء الط فض ء تعرف  جه ال إعط ا الت في ح

ق متجددة در ط  :  مص
كين   ل الدع من المست ف من انت قل عدداً من /تخ ً، ال فئ  اطنين نظري عم الم

 . المنتجين المستثمرين
ق  -6 در الط ئي المنتج من مص رب ق الك ط ي ل ء اافض ن استمرار اعط غي ضم

رار تشريعي  د است ج ف من عد  صين،  التخ ي من منتجين خ ترا ط  .المتجددة، ل
كد من  -7 ت الت ع ع ع ، التي ي ر منظم المجتمع المدني المست غي  ضعف د

ريع الخ ج ا مش ،  خطط  ت ئي ن من ارق احص يع يكت  ل   ....صح م ي
ق المتجددة -8 ريع الط ي بمش عدا ل مس م العربي ع هب  د بعض الحك  .إعتم
9-  ، شبك د ل ك  ، ئي رب ص ع الشبك الك ج الخ ئل اانت س اعد ربط ل د ق ج ص في  ن

تر الت تردد  ل ل ب د الم الحد  ، ني اص ال الم ب  متط ً ل ضيح  .ت
ني -10 درا ال ص الك ،  ن جي المائم ل طين التكن اكب لت مي الم ث الع ر اابح قص

ي اً ال تصنيع جزئي  ك ص يزا ذا العاق  ن التج صي ه لتركي   الم
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ا  لث ق المنتج من  -ث لط ئي ب رب لي  تحدي تغذي الشبك الك أشك
ح    ق الري ق الشمسي  ط -22-الط  

 

ق  غي-11  ي لمعدا الط ع العربي المح ء الصن عدة لنش المس ري  امل الضر  الع
ير: المتجددة التط بع  ني المت ، مع امك جي ل التكن افر المعرف  خ المائ  /ت مين المن ت

نع عربي  ء مص ر في انش ي/لاستثم عي مح عدة صن د ق ي  مع /ج ا مح س د  ج
رج ا في الخ ني التصدير ال ااس ي / إمك لمي  المح  الشراك بين شرك التصنيع الع

 
ء-12   رب ى شبك الك  عد صاحي البني التحتي الازم ع مست

ل العربي-13 ئي في بعض الد رب ق الك ج الط نت  حصري 
جري  -14   را ا مست ن اصح الع ضم د تشريع  تنظيم  ج لج  –عد 

عد بين العن ف التب ريع  -حترا مس قي مش ر  ا ال ااستثم ن يعمد الذين يمكن 
رد ع ق م ذه الط ح، ف ق الري ء من ط رب ج الك  .انت

 
يز-15 تج قع الجغرافي ل لم ل  ب سم ئدة  الر ثر الك ال حد بعيد ب   .ت
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ا  لث ق المنتج من  -ث لط ئي ب رب لي  تحدي تغذي الشبك الك أشك
ح      ق الري ق الشمسي  ط -23-الط  

 

 

 

  
The cost of Wind – Produced power as a function of wind speed (Euro Cent/kWhr) 

Number of full load hours per year 
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 خاص

ل العربي@  د في بعض الد ااقتص ني  جه ال ء لنض رب ع الك م : ل يصل قط رب الريف غير ك ك
دان -اليمن) ى الائ ...(الس ئي ل تصل ال المست رب ق الك لط امن اامدادا ب عي  ن)، ن   -العرا -لبن

ري –مصر  ن ....(س ، لكن هل تك اطني ف م ئي لك رب ق الك من الط خرى  ت اً عربي  ، في حين ان د
؟ ر بشكل مط د ااح ق د ع ال ى اذا استمر ااعتم س المست درة ع ااستمرار بن بل ق  في المست

 
شبك : الحل @   ء ل رب ج الك ح انت ق الري ط ق الشمسي  تحديداً الط ق المتجددة،  در الط د مص اعتم

بي   مزاي ايج ن  امك د فرص  ج  ل
 
ج @   ئل انت س ئي استيع  رب رة لحظ م يج ع صعيد الشبك الك هم ضر ب  ن ذل صع د

ق المتجددة در الط ء من مص رب  .الك
 
البيئ @   يل  ب التم ، هن صع لجت ني التي ا تستحيل مع ال جي  ل ب التكن ف ال الصع اض

التنظيمي الازم تي  سس الم  التشريعي 
ر  -@ خ الاز لاستثم التشريعي لخ المن سي  السي رار اأمني  ااست د الحك الرشيد  ج همي 

ص  الخ عين الع  ط شراك بين ال  .ل



Economic And Social Commission For Western Asia 

  
w-deghaili@hotmail.com 

  شكراا   



ق المتجددة  ئي  الط رب م الك المنظ
لمغر  ب



 ب لط ست في  ل لزيا  ب مع  لط ض و لع ا تو  ٪ 7)  ض
 (سنويا

 
ة قي ل لطاقة  ار)  فاتور  عية ل   (لت

 
ة تق ل لطاقة   أسعار 

 
لعا ال  ل  ندر 

 
ة ي ل  حت 

 

 

مغربي  هربائي ا نظام ا تحديات تنمية ا  

 



 

oق ن إمدادا الط ئي: ضم رب الشبك الك ج  دي نظ اإنت مرد   تحسين قدرة 
 

oع اأرخصا ا س ق ع عدة : لبحث عن  كي ي )آف تخطيط نظ الط ط
قصيرة اأجل سط  ص، (مت ر الخ تشجيع ااستثم عي،  تحسين اأداء الصن ،

ق  دة المث من الط ااست ني  رياستخدا الت    اأح
 

oج در اإنت يع مص البحث عن أرخص : تن ئي  رب ن النظ الك تحسين مر
ع ا س  كي

 
oق المتجددة لط ض ب ليف التشغيل: الن الحد من تك رج،  خ  الحد من التبعي ل

 
o مل يمي التك ل : اإق ير الربط مع الد رة تط ا  المج اانضم لأس  ،

دي رص ااقتص دة من ال ااست  ، ئي في المنط رب  الك

 

مغربي هربائي ا نظام ا  استراتيجية تنمية و تطوير ا
 

 



 

 

 

 

 

TRANSMISSION 

 SYSTEM ONEE 

Privat Distribution   

MV/LV 

ONEE 

Distribution 

MV/LV  

ONEE-BE 

PRODUCTION 

IPP 

PRODUCTION 
Production under law 13-09 

ONEE 

Customer   

VHV/HV 

 

E 

U 

R 

O 

P 

E 

 

 

A 

L 

G 

E 

R 

I 

A 

 

مغرب هربائية با منظومة ا  ا



منشأة قدرة ا ية ا    2014اإجما

5 

ل اإنتاجئوسا ميغاواط  %  

حرارية    2545 32 محطات ا فحما     ا

25 2032 
حرارية    محطات ا ديزلا  − ا

   فيول

حرارية  830 10 محطات ا غاز ا ا
طبيعي   ا

حراريةطاقة ا مجموع 5407 68 ا  

هرومائية 1770 22 محطات ا  ا

حقول  797 10 ريحيةا  ا

025 20  محطات شمسيةا ا  

متجددة طاقةامجموع  2587 32 ا  

Installed Capacity: 7 994 MW 



6 

Transmission system: 23 332 km 

  

   - 400 kV :   2 673 km    

- 225 kV :   8 732 km 

- 150kV  :      147 km   

- 60 KV : 11 780 km 

Total Power VHV & HV : 25 717 MVA  

optic fiber : 6500 km 

هربائية ة ا شب  ا



طلبمصادر   تلبية ا

7 

Coal

47%

Fioul

7%

natural Gaz

16%

Hydraulic

6%

Wind

5%

Imports

18%

others

1%



  جديدة طاقية ا  اإستراتيجية ا
 
تنظيمي تشريعي وا  اإطار ا

 
تقني  اإطار ا

 
  متجددة وبرامج حلول طاقات ا  تسهيل تطوير ا

متجددة طاقات ا  برنامج تطوير ا



 

 د نم عي  اقتص تيرة اجتم ع ب ضل مرت ز ب   إنج
ء راش انطاق إعط يك كبرى أ ل في  م  التحتي البني مج
ح  .المستـــــدام البشري التنمي برامج نج

 
 هذه ، ، مثيا المغر يعرف ل التي التنمي  عن يترت ل

جي ال التزايد ح ق من ل  .الط
 
 ن  الكبير التحد هذا لرفع ، تنمي ضم ل  قرر مسؤ

م يز جديد مخطط إعداد الحك تج س ع ل م رؤي أس   ش
ء المخطط هذا يتضمن .مندمج ئي حظيرة إنش رب ، ك ع  متن
ق في تحتل ن المتجددة الط ق مك  .مرم



ق ط م ل ئي مع حص م رب المتجددة  مزيج ك
 2020في أف  42 % إل تصل

ح  ال

ئي  الم

ل ي  ال

الشمسي 

ز  الغ

الريحي  

42% 

 



ئي خال فترة  رب ق الك (سن 30-20)العقد اِلتزا شراء الط  

ل ع في ح ء المشر غ إن مي بدفع مب ن الحك عقدة الضم ء المبكر ل اإن  

ع خال فترة العقدة قع المشر  التصرف في م



ن  ن ء ق ج الذاتي بين  2009إلغ ا 50 -10الذ يحد اإنت ميك  

ن  ن ز : 14-54الق ج ذاتي  تتج ج  إل شبك النقل إنت ل ترخيص ال
قته  ا 300ط ميج  

د ج ذاتي غير محد  إنت



ق المتجددة ء المنتج من الط رب ي الك تس ج   تحرير إنت

ا لي جِد ً الع لي  د الع ئي ذا الج رب ج إل الشبك الك ل  ال

ل ل اأعم زيع في جد  فتح شبك الت



قي ارد الط م  اإدارة المث ل
 

 السيطرة ع الط  
 

دة القدرة  دزي فسي لاقتص التن  
 

جي ل را التكن  السيطرة ع الخي
 

ق ط  ااستخدا الرشيد ل
 

ن  ن ق المتجددة : 16-09ق ل لتنمي الط ك ء  إنش
ع قي النج الط  



مل لك ئي ب رب ق المتجددة تؤثر ع النظ الك :الط  

ج ل  ـ نسب ال
جي ل ع التكن  ـ ن

قع الجغرافي  ـ الم

دف فظ ع : ال قيالمح ث اإمدادا م  

ل التنبؤ  استح
ط  المضب

تزايد 
ج إل  الح

ن  المر



ازن بين العرض  الط ب تحقي الت  تزايد صع

في ن إض فر مر ج إل ت  الح

ير  تنمي الشبك   ج إل تط الترابطالح  



درة المركب   دة الكبيرة في ال ل ع  الريحيالزي ن بمدى قدرة هذه الح مره
ل ااضطراب د في  ح  الصم

تم  ل م ن شبك (grid code)لشبك الن  مد

ئي -1 رب د/ التردد : التحك في النظ الك الج  

ف الشبك الغير الطبيعي - 2 ل في ظل ظر س الح  

ج الصغيرة ع  حدا اإنت يض من  ىشبكع الن ن  مست زيع، فمد الت
)الشبك grid code)  ت :فت  

ق دة الط  ج

ي  درة Pccنظ الحم هم في ال  المس



ي ع ق الت ص الط  منح /امتص

ي ع ق الت ص الط امتص ني منح  فر إمك ل الريحي ان ي  يج ع الح
0,3 Pn ص     0بين  اإمتص

0,4 Pn    0المنح بين  

 تغيرا التردد
ضع الطبيعي هرتز 0.1±  50: ال  

رة ف المتده 2،5-/ هرتز  2+  50: الظر  

د ض الج  انخ
د يصل إل  ض ج ج في انخ ل الريحي ان يستمر في اإنت يج ع الح

د% 80 د الع من الج  

د  تغيرا الج
o400 KV :        ±5%                                

o225 KV :    +8.8 %/-10% 

o60KV    :    ±10%    





Ouarzazate:  

Midelt 

FOUM EL OUED:  

Sabkhat Tah:  

Boujdour:  

رززا      اطغمي 500  المرك الشمسي ب

   اطغمي 400                ميدلالمرك الشمسي  

حالمرك الشمسي بسبخ      اطغمي 500        الط

اد      اطغمي 500  المرك الشمسي ب ال

ر   جد    اطغمي 100  المرك الشمسي بب



   ريع ر مش ئي ط م ر ز ك  اإنج

ئي المنزل  •    اطغمي 125   المعمل الم

ئي  •    اطغمي 45    مدزالمعمل الم

منمحط  • اسط الضخ عبد الم ق ب ليد الط    اطغمي 350 ت

ن  • ط لج الس ئي  ن ( اطغمي 12 المعمل الم ن  09-13)  ق

 ئي م ر ريع ك ر الدراس مش  ط

اسط الضخ محط • ق ب ليد الط    اطغمي 300   إفحصت

ريع أخرى•    اطغمي 274      مش



EET: 600 MW 

Oued El 

Makhazin CCGT: 

2*600 MW 

Dhar Doum 

CCGT: 2*600 

MW 

Al Wahda CCGT: 

2*600 MW 

KénitraCCGT: 

450 MW 
MohammediaaC

CGT: 450 MW 

Jorf Lasfar 

CCGT: 2*600 

MW 



ج ع عدة آف ا تخطيط اإنت  أد

ق المتجددة ج الط مج لتنبؤ انت  برن

ق المتجددة التحك في الط  مركز الضبط  
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RES potential - Solar 

Introduction  



RES potential - Wind 

Introduction 



Top countries in RE installations 

In 2011 

Source EIA, Bloomberg New Energy Finance, revised 2013  



Top countries in RE installations 

In 2013 

Sources: REN21 *Grid-connected 



Regional Initiative to promote RE 
Pan-Arab Strategy for the Development of RE Applications: 

2010 – 2030  
 

• Objective: 
“tap into the region’s significant RES to supplement the 

existing electricity supply”1. 

 

• 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).  

1 Pan Arab Renewable Energy Strategy 



Process Outline …. 

RES Planning 
and Policy  

Making  

Projects 
Development 

Projects 

Implementation 

Governments 

Producers 

Financiers 



RE Policy Making 

Definition of Targets 

Choice of policies / instruments 

Concrete design of instruments 

Implementation 

Administration, monitoring, and 

adjustment 



Definition of Targets Definite target as % of the 

electricity from RES by 

certain year 

RE Policy Making 



Definition of Targets 

Choice of policies / 

instruments 

RE Policy Making 



Definition of Targets 

Choice of policies / 

instruments 

Concrete design of instruments 

Getting the prices right: 

• Details on cost    . Tax levels 

• Tariff levels     . Inflation rates 

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

RE Policy Making 



Definition of Targets 

Choice of policies / instruments 

Concrete design of instruments 

Implementation • Institutional setup 

• Drafting of laws and 

regulations 

• Assignment of responsibilities  

RE Policy Making 



Definition of Targets 

Choice of policies / instruments 

Concrete design of instruments 

Implementation 

Administration, monitoring, and 

adjustment 

• Monitoring of actual 

developments 

• Measuring contribution to 

target achievement 

• Re-assessing policies 

• Adjustment of targets, 

strategies, policies and 

instrument design 

RE Policy Making 



Legislative, Regulatory & Economic 
Considerations 
There are different considerations that need to be 

considered in setting up the different strategies that 

support the chosen policy  

• Legislative  

• Regulatory 

• Economic 

Further more: 

• Technical 

• Financial 

• Risk Assessment 

 



I. 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 



I. Legislative Considerations 

• Interrelated issues between multiple legislations 

must be clearly stated, referred to, or at least 

concerted to  avoid confusion and contradiction 
 

• Possible interrelated issues usually occur between 

Investment  law, Taxes law,  ..etc.  
 

• Reconciliation articles  are often very useful  

especially when implementation of some schemes 

precedes issuance of the legislations  



I. 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 



II. 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 Licenses (legal aspects) 

o RE pricing (Financial and economic aspects) 

o Power Purchase Agreements, contracts (contractual 

aspects) 

o 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) 
 

• It is considered a major 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. 



III. Economic Consideration 

• The LCOE of a power generation technology reflects 

multiple factors:  

o resource quality,  

o equipment cost,  

o capacity factor,  

o the balance of project costs,  

o fuel costs (if any),  

o operation and maintenance costs,  

o the economic lifespan of the project,  

o and the weighted average cost of capital (WACC).  



III. 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 



Thanks for your attention 
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European Grid Codes drafted by 
ENTSO-E  
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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  

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



WHY GRID CODES AND 
WHO IS ENTSO-E? 

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



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 
4 



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;  
• (l)energy efficiency regarding electricity networks. 

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

 

ESCWA CAPACITY BUILDING WORKSHOP, AMMAN, JORDAN, 2-3 SEPT 2015 6 



Workshop  Deutschland zum NC  

24. Januar 2012 

Berlin 

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 liberalising the gas and electricity markets in 
the EU. 

ENTSO-E promotes closer cooperation across Europe’s TSOs to 
support the implementation of EU energy policy and achieve 
Europe’s energy & climate policy objectives, which are changing the 
very nature of the power system 



Workshop  Deutschland zum NC  

24. Januar 2012 

Berlin 

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 main contributions of  
ENTSO-E to the achievement of these objectives. 
 
 
 
 



The Draft European Network Codes 

Connection codes 

• Requirements for generators 

• Demand connection 

• HVDC Connections and DC-connected Power Park Modules 

Operational Security  

• Operational Security 

• Operational Planning and Scheduling  

• Load Frequency Control & Reserves 

• Emergency and restoration 

Market network codes or regulations 

• Capacity calculation & Congestion management 

• Forward Capacity Allocation 

• Electricity Balancing 
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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. 
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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.  
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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 
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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…).  
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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.  

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



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).  
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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. 
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TECHNICAL 
REQUIREMENTS 
 FOR RES CONNECTION TO THE GRID 

18 
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ENTSO-E Network code – Requirements 
for generators 

The RfG code : 

• 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). 

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

• defines compliance criteria & derogation 
processes. 
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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.  
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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. 

 

•
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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.  
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Classification of Power Generating 
Modules 
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Type A Type B Type C Type D 

Conected below 110 kV above 110 kV 

maximum capacity threshold: 

 0.8 kW 
or more 

1 MW 
 or more 

50 MW  
or more 

75 MW  
or more 

General Requirements for  
Type A, B, C and D Power 
Geenrating Modules 

Additional Requirements for Type B, C 
and D Synchronous Power Generating 
Modules or Power Park Modules 



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. 
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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 
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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  
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Frequency ranges Time period for operation  

51.5 Hz ≤  f ≤ 52.5 Hz 10 minutes 

51 Hz ≤ f < 51.5 Hz 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 

  

 



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   
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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) : 

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. 
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Figure 1: Source: Requirements for Grid 

Connection Applicable to all Generators 



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 %. 

 
In proposals for Turkish Grid Code, 
the Frequency threshold is 49.8 Hz 
and the Droop is 4% unless stated 
otherwise by TEIAS. 
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 Figure 4: Source: Requirements for Grid 

Connection Applicable to all Generators 



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) 
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Figure 4: Source: Requirements for Grid 

Connection Applicable to all Generators 
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1
s

Active Power Frequency Response capability illustrating the case 
of zero deadband and insensitivity. 

Parameters Ranges 

Active Power range related to 

Maximum Capacity  

1.5 – 10 

% 

Frequency Response 

Insensitivity 

10 – 30 

mHz  

0.02 – 

0.06 % 

Frequency Response Deadband 
0 – 500 

mHz 

Droop  2 – 12 % 



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) 
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Figure 4: Source: Requirements for Grid 

Connection Applicable to all Generators 

max
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1
t
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Parameters Ranges or 

values 

Active Power range related to Maximum Capacity 

(Frequency response range)  
1.5 – 10 % 

Maximum admissible initial delay  unless justified 

otherwise for generation technologies with Inertia 
2 seconds 

Maximum admissible initial delay  unless justified 

otherwise for generation technologies without 

Inertia 

as specified 

by the 

Relevant TSO 

Maximum full activation time 30 seconds 



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. 
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FAULT RIDE THROUGH 
(FRT) 
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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. 

proposals for Turkish 
Grid Code: 

Voltage-against-time-
profile (symmetrical 
and asymmetrical 
faults) 

In particular cases, 
TEIAS can extend the 
time (trec1) up to 3 
sec 
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U/p.u. 

U(clear) 

U(rec1) 

t(rec1) t(clear) 0 

1.0 

0 

t/sec 

0.9 

0.15 1.5 



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. 

Existing French  
Distribution Grid 
Code: 

Voltage-against-time-
profile  for facilities 
connected to  MV  
networks (>5 MW) 
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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. 
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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. 
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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. 
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Q/Pmax [pu] 
 

Voltage at the 

Connection Point  

  

x1=0.33pu(lag) y1= 0.95 pu 

x2=0.33pu(lag) y2= 1.05 pu 

x3=-0.33 (lead) y3= 1.05 pu 

x4=-0.33 (lead) y4= 0.95 pu 
 



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. 
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Q/Pmax 

P/Pmax at the 

Connection Point 

[pu] 

x1=0.33pu (lag) y1=1pu 

x2=0.33pu (lag) y2=0.1pu 

x3=-0.33 (lead) y3=0.1pu 

x4=-0.33 (lead) y4=1pu 
 



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

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. 
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Voltage ranges Time period for operation  Voltage Level 

0.85 pu – 0.90 pu 60 minutes 

from 66 kV 
to 300 kV (excluding) 

0.90 pu – 1.118 pu Unlimited 

1.118 pu – 1.15 pu 20 minutes 

Voltage ranges Time period for operation  Voltage Level 
 

0.85 pu – 0.90 pu 60 minutes 
from 300 kV 

 to  
400 kV 

 

0.90 pu – 1.05 pu Unlimited 

1.05 pu – 1.0875 pu *) 60 minutes 

1.0875 pu -1.10 pu *) 60 minutes 

*) 400kV excluded 



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. 
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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. 
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CONNECTION PROCEDURES 
COMPLIANCE MONITORING  
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OPERATIONAL NOTIFICATION 
PROCEDURE 

48 

  



 
 
 
 
 

for type A generators 
  
for type B and C generators 
  
for type D generators, HVDC systems, 
transmission connected distribution networks 
and demand facilities 
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Operational notification Procedure  



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. 
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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. 
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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). 
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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 
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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)  
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Final Operational Notification (FON) 

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

• itemized Statement of Compliance 

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

• Test results 

 

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

56 

  



Compliance monitoring 
 

• 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. 

• 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. 
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Example : Reactive Power 
Capability test for Type C Power 
Park Module 

• 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: 

•operation in excess of 60 % of Maximum Capacity for 30 min; 

•operation within the range of 30 – 50 % of Maximum Capacity for 30 min; and 

•operation 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. 
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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 be fulfilled 
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CONCLUSIONS 
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Conclusions 
 

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

• Requirements need to be anticipated for future 
operation conditions  

• 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 
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Integration of PhotoVoltaic Plants, 
the ABB experience 
Lessons learned and case studies 

Pietro Raboni, R&D engineer, BU DMPC PG Solar 

ESCWA Workshop, Amman, 2nd-3rd September 2015 
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A global leader in power and automation technologies 
Leading market positions in main businesses 
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~150,000 
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Present 
in 
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+100 
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merger of Swiss (BBC, 1891) 
and Swedish (ASEA, 1883) 
engineering companies 

In revenue 
(2013) 
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How ABB is organized 
Five global divisions  

February 13, 2014 
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Innovation is key to ABB’s competitive advantage 
Leadership built on consistent R&D investment 

February 13, 2014 

 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 

September 3, 2015 

The largest and more capillary presence 

Over 100 countries covered 

The widest inverter portfolio 

From 250W up to 2MW 

A complete offer for renewables 

Switchgears 

Transformers 

Protection devices 

SCADA 

PLCs and meterings 
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ABB DMPC PG Solar 

 CORE 1000 

 PVS 800 

 ULTRA 1400 

July 02, 2014 

Central PV Inverters 
Technical Data ULTRA-1400-TL-OUTD 

MPP Input  Voltage  Range 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,r)  1.400 kW 

Maximum Power (Pac,m @ cosφ=1) 1.560 kW 

Max. Eff. (ηmax)  / Euro Eff. (ηEU) / CEC Eff. (ηCEC) 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 

Safety Standards 
EN50178, EN61000-6-2, 

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

Grid Standard 
Att. A70 Terna, CEI 0-16;  

BDEW, FERC661 

Wide VDC range 

Almost 1.6 GW of ULTRA installed 
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Grid code compliance 

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 

July 02, 2014 

A successful case of R&D proactiveness 
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Grid code compliance 

 Reactive power modes 

 PFPVI=const (local / remote via PPC) 

 Q=const (local / remote via PPC) 

 Q(V) (local) 

 P=const=min{Pav,Pref} (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) 

 

 

 

July 02, 2014 

State of the art functionalities 
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PVI models portfolio 

 Design and maintenance of PVI templates portfolio 

 In-House: DIgSILENT PowerFactory, SimPowerSystem 

 Coordination for PSS/E, PSCAD, DSA model designs 

 FGW-TR4 certification 

 Full models ready for the consultants 

 Fully parameterized 

 Capability 

 Harmonic load flow 

 Short circuit contribution 

 Dynamic VSC response 
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Certifications, g.c. compliance and customer needs 
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PVI models portfolio 

 HFRT 

 DRCS 

July 02, 2014 

Examples of dynamic studies 
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PVI models portfolio 

 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 
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The proper model 
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Average PR Vs Inverter Load Factor (PDC/Pac)
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Engineering Support 

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 �� = �� ���� �� 
 Plant capacity assessment (P,Q) 

 Grid Impact Studies 

 In-house preparation OR support to EPC 

 Component selection and procurement 

 ABB and trusted suppliers 

July 02, 2014 

Beyond a Power Electronics manufacturer 

Typical knee 
shape 
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Engineering Support 

July 02, 2014 

Typical utility scale plant layout 

Ring 1 Ring 2 Ring 3 Ring 4 

8…10 units / 
feeder 

HV 

MV MV 

690V 690V 

(1÷4)x0,8MV
Ar 

Cbank_1 Cbank_2 

HVMV Trafo 
8% < Vsc < 20% 

(1÷4)x0,8MV
Ar 

MVLV Trafo 
Vsc= 6% 

Buried Al cables 
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Fulfillment of contractual powers at the PCC 

An optimized design 

 Objective Function 

 kc·min{ScPVI+ScQcomp. devices}+kPR·(1-PR) 

  define nPVI and Q compensation issue 

  Maintain acceptable PR 

 Further OF terms: min losses and equalize plant layout 

 Comply with the requirements 

 NEPCO (HKJ) PAC-PCC
max + capability 

 ceiling to PAC-PCC PDC
n 

 Israel capability (PF) 

 plant design starts from PDC
n 

July 02, 2014 

The problem and grid codes capability requirements 
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Fulfillment of contractual powers at the PCC 

 Constraints 

 PVIs and STATCOM capabilities are V and Jamb 
dependent 

 dependency is lin. vs quadratic of SVC and cap banks 

 V rating of plant devices 

 Typical problem with MV devices when Vcc
HVMV>> 

 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 

 Special designs leading to reduced leakage impedance 
July 02, 2014 

Constraints and possible degrees of freedom 



© ABB 
| Slide 17 

Fulfillment of contractual powers at the PCC 

 Capacitor banks normally split in stages 

 PVI inverters 

July 02, 2014 

Reactive power sources: Caps and PVIs 
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Fulfillment of contractual powers at the PCC 
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Reactive power sources: STATCOM (ABB PCS 100) 
Rack mountable 

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

  

~

=

STATCOM

Converter

STATCOM 

Transformer

Connecting Bus

STATCOM System

A

Grid

STATCOM 

Control

CT2 VT1

MCB

CT1

STATCOM Container

Heat Exchanger

POC

ABB tool for preliminary design (STATCOM and plant capability at the MV PCC) 
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Fulfillment of contractual powers at the PCC 

July 02, 2014 

Comparison between Q sources 

Pros Cons Design challenges 

Caps 

Low cost 
Simplicity 

Prone to harmonic and 
energization  issues 

Granularity definition 
Insertion strategy definition 
Design of inrush bank impedance 
 
Carefully evaluation of: 
Harmonics and eventual harmonic traps, 
inrush and energization scenarios 

PVIs 

High Q granularity 
Limited cost 
Expected lower loading 
of the inverter for most 
of the time (extended 
lifetime) 

V dependent capability 
Efficiency reduction 
(<0.2%) 

Possibility to find optimal solution taking 
into account plant PR 

STATCOM 

High Q granularity 
Harmonic 
compensation 
Enhanced fault support 

High cost 
Large footprint on the 
plant substation 

Damping harmonics capability must be 
properly verified 
Coordination with PVIs control in case Q 
capability is shared with the same 
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Cap compensation bank design 

 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 

 across the caps -> shortened device life 

 at the network nodes 
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The objective function 

200.00160.00120.0080.0040.000.00 [ms]

35.000

21.000

7.0000

-7.0000

-21.000

-35.000

CapBank1-2: Phase Voltage A in kV

CapBank1-2: Phase Voltage B in kV

CapBank1-2: Phase Voltage C in kV

 3.784 ms
-31.303 kV

13.184 ms
31.486 kV

200.00160.00120.0080.0040.000.00 [ms]

65.000

39.000

13.000

-13.000

-39.000

-65.000

CapBank1-2: Line to Line Voltage A in kV

CapBank1-2: Line to Line Voltage B in kV

CapBank1-2: Line to Line Voltage C in kV

 4.244 ms
59.521 kV

  
Capacitor Bank Transient: compensation bank §Cap_Voltages1

Multi-step detuned capacitor bank study C=27.9 uF; L=25.4 mH; t_sw=1.1 ms 

  Date:  12/23/2014 

  Annex:   /2
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-40.302 kV
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39.903 kV

-0.600 ms
-32.183 kV 186.364 ms

-32.682 kV

  
Capacitor Bank Transient: compensation bank §MVBB

Multi-step detuned capacitor bank study C=27.9 uF; L=25.4 mH; t_sw=1.1 ms 

  Date:  12/23/2014 

  Annex:   /4
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Cap compensation bank design 

 Increase number of stages 

 Inrush resistor (US Solution) 

 Point-On-Wave reclosure 

 

 

 

 

 

 

 

 No contribution to harmonics damping 
July 02, 2014 

Possible solutions 

0.0150.0100.005-0.000-0.005-0.010 [s]
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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)

-0.004 s
 0.435 p.u.

 0.002 s
 0.436 p.u.

  
Capacitor Bank Transient at ULTRA terminals SUMMARY

Multi-Step capacitor bank with point on way switched step C=18.3 uF; L=150 uH; 

  Date:  12/18/2014 

  Annex:   /1
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vk-l=0 V  
 closure of phases k and l 

 closure of phase m 

 After ¼ period 

Seamless insertion 
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Cap compensation bank design 

 Detuned filter design guidelines 

 Detuning factor DF = xL/xC 

 Given Qstage:  

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

 Tuned at an interharmonic 

 Outstanding benefits on the harmonics studies 
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Possible solutions: inrush inductors and detuned filters 
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The case of an 
external bank 

connected at the 
plant PCC node 

1.125 mH 
(DF=0.24%) in a 7.5 

MVAr bank stage 

No inrush 
inductance in a 7.5 

MVAr cap stage 
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Insertion strategies of compensation bank stages 

July 02, 2014 

Method Insert a stage if … Disconnect a stage if … 

A SQPVI > %insert Qn
stage SQPVI > %disc Qn

stage 

B PFPVI<PFPVI (pPVI) 

C 

SQPVI > 0  
(no over-ex if 
possible) 

PFeq =  Pinv Pinv +  Qinv + Q age  

PFeq < PFPVI pPVI − .  

PFeq =  Pinv Pinv +  Qinv + Q age  

PFeq < .99 

Ensure an hysteretical 
mechanism 

Risk of overvoltages at 
PVI terminals 

Linked to a predefined 
PFPVI<PFPVI (pPVI) 

 curve 

Applied algorithm 
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Multiwindings MVLV tranformers 

Transformer cost is almost proportional to the weight 

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

 Typical ABB proposal: Dd0y11 connection 

 Stacked construction 

 zcc
23=0.9(zcc

12+zcc
13) 
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Plant cost reduction 
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Multiwindings MVLV tranformers 

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

 Sequence circuits of Dd0y11  
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Windings connection choice Dd0y11 

Tertiary

Primary

Secondary

30°

Ea

Eb Ec

Negative 

sequence

Vab
-D=k1Vab

-d=k2Ea
-y

Ea

Ec Eb

Positive 

sequence

Vab
+D=k1Vab

+d=k2Ea
+y

Vab
-d=K3Ea

-y

Vca
-d=K3Ec

-y

Vbc
-d=K3Eb

-y

Vab
-y

Vbc
-y

Vca
-y

Vab
+d=k3Ea

+y

Vbc
+d=k3Eb

+y

Vca
+d=k3Ec

+y

Vab
+y

Vbc
+y

Vca
+y
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Multiwindings MVLV tranformers 

 Dd0y11 effects 

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

 

 

 

 

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

 Off Load Tap changer 

 Typically ±2·2.5% 
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Windings connection Dd0y11 (contd) OLTC choices 

0.01 0.02 0.03

Time (s)

0

-5

-10

5

10

Ip7 Is7 It7

No 7th harmonic at 
the primary side 
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Short circuit current limitation 

ISC
PCC>>  In

plant switchgears>>  Costly solutions 

 

 

 

 

 

 

 Limiting reactors  

 Installed at the substation side of the plant feeder 

 Side effect: 

 parasitic power consumption 
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Limiting reactors 
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Ikss: 30.55 kA  21.82 kA 
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Complete skid 

 Our turn key solution 
 MV Switchger with RMU 

 3w transformer 

 ONAN 

 AUX services 

 PLC for PPC, monitoring                                             
and Plant Automation 
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ULTRA outdoor station 

0,69kV 

PVI 1 PVI 2 

LV/MV 
Trafo 

33kV 

3,15MVA 

ABB SafePlus 

Un [kV] 33 

Isc, 1s [kA] 25 

Isc, 3s [kA] 20 

Uimp [kV] 170 / 70 
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Centralized Vs Decentralized functions 

Fast control must be performed from the PVI 

 

 

 

 

 

 

 

 

 Closed Loop schemes are recommended for decentralized 
controls 

July 02, 2014 

Time decoupling 

 Dynamic Reactive Current Support 

 Anti-Islanding 

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

 Over Frequency Power Curtailment  

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

 Damping clouding effects 

 Data storage 
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Centralized Vs Decentralized functions 

July 02, 2014 

The case of Over Frequency Power Curtailment 

Central OFPC 
Plant commissioning test through 

variation of the frequency signal at 
the SCADA 

Decentralized OFPC 
Lab test using a variable f grid simulator 
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Centralized Vs Decentralized 

 

July 02, 2014 

Centralized Q control 

Step DQPCC
ref=-8.2 Mvar 

PPVI ramp-down with 
centralized PFPCC control 

(constant) 
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Energization 

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

 

 

 

 

 

 

 

 

 Sequencing of plant trafos 

 Adoption of inrush resistance mainstream to the line July 02, 2014 

Mitigation methods 

0.18000.13790.09580.05360.0115-0.0306 [s]

2.0000

1.2000

0.4000

-0.4000

-1.2000

-2.0000

TerminalMid1: Phase Voltage A in p.u.

TerminalMid1: Phase Voltage B in p.u.

TerminalMid1: Phase Voltage C in p.u.

0.18000.13790.09580.05360.0115-0.0306 [s]

1.2000

0.6000

0.0000

-0.6000

-1.2000

-1.8000

3-Winding Transformer: Phase Current A/HV-Side in p.u.

3-Winding Transformer: Phase Current B/HV-Side in p.u.

3-Winding Transformer: Phase Current C/HV-Side in p.u.

  
  UN Amman

Inrush phenomenon in case of overall plant energization   

  Date:  8/27/2015 

  Annex:   /2

D
Ig

S
IL

E
N

T

Example case of overall 
plant energization (long 
OHL and step-up trafos) 

 DvMV=70% ! 
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Inter/Harmonics studies 

 Need of detailed network data 

 Harmonic load flows 

 PVI  Indipendent current sources 

 IEC 61000-3-6 �� =  ��−����=�
  �� = �� ��−� 

 BDEW �� =  ��−���=  where n is the number of PVI  �� = ���−� 
 

 Stability concerns if SPCC<5Splant 

 Detailed EMT studies 

 s-domain analyses 

July 02, 2014 

Risks and recommendations 

IEC 61000-3-6 

Harmonic order h a 

<5 1 

5≤h≤  1.4 

10<h 2 
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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 

 July 02, 2014 
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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.  
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The Energy Mix in Jordan (2010 – 2020) 

 

2010 

2020 

Domestic Resources 39%, Imported 61% 

Domestic Resources 3%, Imported 97% 

Domestic Resources 25%, Imported 75% 

Oil Products 61%  

Renewable 2% Imported 
         Electricity  1%  

N. Gas 36% 

Imported 
 Electricity  2% Imported 

 Electricity 1% 
Renewable 10% Renewable7% 

Oil Products 40%  

Oil Products 51%  N. Gas 29% N. Gas 29% Nuclear 6%  

Oil  
Shale 
11%  

Oil  
Shale 
14%  

2015 

Jordan Energy Strategy 
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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 This law, the first in the region, allows investors to identify and develop grid-

connected electricity production projects through the so called unsolicited 

or direct proposal submission. 

 

o the Jordan Renewable Energy and Energy Efficiency Fund has been 

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

9/3/2015 4 



 
 
 
 

 
 
 

 

 

 

 

 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  
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Reference Price List 

 

 
RE source Tariff Fills/ kWh 

Wind Energy 80  

Solar Energy (CSP) 135 

PV 100 

Bio mass 90 

Bio gas 60 
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Renewable Energy Development Schemes 

 

The Government is currently engaged with the 3 tracks 

approach to develop RE Projects as follows: 

 

Competitive 

Bidding 
Direct 

Proposals 

EPC Turn-

Key 

9/3/2015 7 
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2
0

16
 

 
PV MDA  160 MW 
PV Qwera 100 MW 
PV Shamsuna 10 MW 
PV Scatec 10 MW  
PV JoSolar 20 MW  
Tafila Wind 117 MW 
King Hussein Wind 75 MW 
Fujaij Wind 100 MW 

592 MW  
 

 

2
0

17
 

 
 
PV MDC 150 MW 
PV Mwqr 50 MW  
PV Safawi 50 MW  

 
 
 
 

842 MW  

2
0

18
 

 
 
Wind KOSPO 50 MW  
Wind XENEL 50 MW  
Wind Rajif 83 MW 

 

 

 

 

1025 MW   

Renewable Energy Projects 2016-2018  



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. 

9/3/2015 9 



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

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

- 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 
 

-   
 

Regulations for Power 
Wheeling  

Wheeling Cost (Fills/KWH) Losses % Type Of Connection  

4.5 2.3 Connect to the transmission 
system to feed a transmission 
system connected consumer 

7 6 Connect to the distribution 
system to feed a distribution 
system connected consumer 

 

4.5 (Transmission Sys.) + 7 
(Distribution Sys.) 

 

2.3 (Transmission Sys.) + 6 
(Distribution Sys.) 

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

 
 

 
Frequency  

Requirements 

Voltage 
Requirements  

Voltage Flicker Harmonics  Ramp  
Rate  
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Thank You  



Session 1 
Generals and EU experience  
Impact of non-programmable RES (VRE) generation on the 
power system 

Bruno Cova 
Systems Planning Project Director 
Division Consulting, Solutions & Services 

Amman, September 2015 



 System wide impact 
o Barriers to overcome  
o Additional reserve and balancing capability 
o Difficult transitions in the ramp up/down hours 
o Impact on power market mechanisms 
o Risk of overgeneration 

 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 

Session 1 
Generals and EU experience  



September 2015 
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 Secondary reserve* 

 Tertiary reserve*                                      (daily)  

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

Additional Reserve and Balancing Capability 

5 

Generated  

power  

Generated 

power 

0 

� −�  � −�  

 � � −��− � �  

 � ��−��− � �  

Demand* =  

L
O

A
D

 

Generated  

power  
Generated 

power 

0 

� −  � −   � � −��− � �  

 � ��−��− � �  

Demand =  

L
O

A
D

 

 In Peak Load condition these 

reserves define the maximum 

thermal generation 

 In Low Load condition these 

reserves define the minimum 

thermal generation 

� = ∙ � �� + 5 2 − 5  � −� = � �� ∙ . 8 

(*Including losses)  (*Including losses)  
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 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  

 

Additional Reserve and Balancing Capability 

6 

Source: IEA-Wind 
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Additional Reserve and Balancing Capability 

7 

 Maximization of RES penetration considering also additional 
reserve  
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 Possible Voltage problems 

 

Difficult upward/downward transitions  

9 

Wind generation in Spain on 4th and 5th March 2008 (source REE) 

 

Downward wind modulation 
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 Coping with sharp variations of RES generation 

Difficult upward/downward transitions  

10 

Example of Spain 
10% of installed 

wind capacity  
per hour  

Situation  
May 9th, 2005 
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Difficult upward/downward transitions  

11 

Difficult transitions 

during load ramp 

up/down 

Demand 

Wind 

No correlation between Wind 

 generation and demand!!! 

Time (min)

Wind + Solar

Load Request

Gradient of 

generation

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

 

Difficult upward/downward transitions  

12 
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 Load following in case of enhanced PV generation (2/2) 

 

Difficult upward/downward transitions  

13 

Italian demand profile in a typical Summer Sunday in 2014 

15 GW of ramp 
in the 
afternoon to 
be covered 
with a reduced  
set of 
dispatchable 
units (see 
reduced peak 
load) 
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Risk of overgeneration 

15 
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Risk of overgeneration 
Example of Italian System 

16 

Source: Terna 

Overgeneration problems 
over weekends or public 
holidays 

Countermeasures to reduce 
the risk of overgeneration: 
 
 Full exploitation of existing 

resources (maximizing 
existing pumping, reduction 
of  power imported from 
neighbouring countries) 

 Modulation of non-
programmable RES 
generation 

 Improve the forecast and 
management of distributed 
generation (on-site 
generation) 

 Increase of energy storage 
capacity 
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Impact on power market mechanisms 
Example of Italian market 

17 

What happened in the Italian day-

ahead market on June 16th, 2013: 

• Minimum  price:     0,00 €/MWh 

(for 2 hours – 2:00 and 3:00 pm) 

• Maximum price: 121,91  €/MWh 

(25.8% of offered energy supply 

by GSE) 

(Source GME) 
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 Negative baseload prices 
were observed in the 
Central Western 
European (CWE) region 
on June 16th, 2013: 

 France -40,99 €/MWh 

 Belgium -40,99 €/MWh 

 Germany -3,33 €/MWh 

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

18 

Source: APX, Belpex and EPEX Spot 

 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. 

Negative  
prices 

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

19 

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

-5,000

-4,000

-3,000

-2,000

-1,000

0

1,000

2,000

3,000

Flusso import

Flusso Export

Limite import

Limite export

Eastern period: NTC reduced to 
ZERO for system balancing 

problems ! 

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 

Opportunity for a cross-
border Ancillary Market 

Services 



September 2015 

Impact of RES generation on the Ancillary Services Market 

20 
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Impact of RES generation on the Ancillary Services Market 

21 

1690 Disbursement 
in ASM 
stabilised in 
2014 due to 
action taken by 
TSO and a slow 
down in RES 
generation 

installation. 
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 Risks of curtailment depending on: 

 (In)flexibility of power plants 

 (in)adequacy of the transmission 
/distribution infrastructures 
(including cross-border lines) 

 Possibility of energy storage 

 Demand responsiveness 

 

Risks of RES generation curtailment  

22 

Different  feasible 
penetration levels of non-

programmable RES 
generation 
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 System wide impact 
o Barriers to overcome  
o Additional reserve and balancing capability 
o Difficult transitions in the ramp up/down hours 
o Impact on power market mechanisms 
o Risk of overgeneration 

 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 

Session 1 
Generals and EU experience  
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 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 

Network congestion caused by RES generation 

25 

Expected congestion in the 150 kV of the Italian peninsular regions due to WF 
(year 2009) – (source: CIGRE, CESI-Terna paper) 
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 Overloads in the High Voltage network (150kV) 

Network congestion caused by RES generation 
Example of Italian system (1/2) 

26 

Source: Terna 

SE 380/150 kV 

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

 RES production constraints: 

 The secure and reliable operation of the HV 
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 

92% 

8% 

Sud Isole e AltroSouth Island & other 
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 Effect on wind generation curtailments due to actions on 
transmission grid and local energy storage  

Network congestion caused by RES generation 
Example of Italian system 

27 
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 Distribution of average wind speed and potential production 
(from Wind Atlas) 

Network congestion caused by RES generation 
Example of Italian system 

28 

Source: Terna 
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 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 

 

 

Network congestion caused by RES generation 
Example of Italian system 

29 

Source: Terna 

New substation 
380 / 150 kV  

Line 380 kV 

Line 150 kV 

Line 150 kV 

Layout of substation 380/150 kV Production Area: over 200 MW 
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Risk of market 
price distortion 
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 Critical dynamic behaviour 
caused by: 

 Intermittency in RES 
generation causing a higher 
stress on the conventional 
units to balance the system 

 Faults (e.g.: short circuits on 
a network component) 

Critical behaviour of the system in dynamic conditions 

31 

Risk of cascading 

effect leading to the 

system collapse 

Frequency (Hz) 



September 2015 

Critical behaviour of the system in dynamic conditions 

32 

 Total inertia of the power system degraded with the increased 
share of wind and solar power plants   large frequency 
deviations from nominal value during disturbances 

From rotating generators with high inertia 
to static productions with zero inertia 
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 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  

Critical behaviour of the system in dynamic conditions 

33 

Source: Terna 
Duration Number of Events * 10 
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 Scenario May 18th, 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 MWp) 

 Generation tripping  

 Frequency transients under 49.7 Hz 

 Tripping of Photovoltaic Power Plant (PV-PP) 

 Load curtailment 

 

Critical behaviour of the system in dynamic conditions 
Example of the Sicilian power system 

34 

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

35 

Without non-programmable 
RES, conventional units are 
dispatched 
 more inertia and regulating 

power  
 less critical frequency 

transients 

> 49.8 Hz 

Source: RSE (Ricerca sul Sistema Elettrico) 

BASE CASE WITHOUT RES 
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Example of the Sicilian power system 
Case (1) – Wind retrofitting with inertia 

36 

% of WPP with inertia  
Simplified model (Pmec const.) 

60% 

30% 

Base case  
No inertia for WPP 

Source: RSE (Ricerca sul Sistema Elettrico) 

BASE CASE BOUND OF EAC DEVICE 

60% WIND 30% WIND 

BOUND OF PV PROTECTION 
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Example of the Sicilian power system 
Case (2) – Pump units operation (Storage) 

37 

100 MW 

25 MW 

Base case  
No pumps 

50 MW 

Pump units tripping at 49.8 Hz 

Source: RSE (Ricerca sul Sistema Elettrico) 

Tripping of the traditional 
unit (150 MW) 

Tripping of the PV-
PP (200 MW) 

Load curtailment 
(EAC) 180 MW 

BASE CASE BOUND OF EAC DEVICE 

PUMP 50 MW PUMP 25 MW 

BOUND OF PV PROTECTION 

PUMP 100 MW 
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 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) 

Voltage profile and reactive power management 
Italian example 

38 

Source: Terna 

360
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420

430

440

Frequency (%) of voltages > 410 kV (hours 

with low load, July 2011 – June 2012) 

Voltage variation in the 400 kV buses 

Average Value 

Standard deviation 

Critical zones 

Voltage Bound allowed [375 ÷ 415 kV] 
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 Low Voltage Ride Through (LVRT) and Over Voltage Ride 
Through (OVRT) characteristics 

Voltage profile and reactive power management 

39 

Source: Terna 
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 Impact of the Distributed 
Generation (DG) on the Voltage 

 Icc  WPP (fully converters)   

≈ 1.1 ÷ 1.5 In  

 Icc  WPP (DFIG)  ≈ 1.5 ÷ 2.0 In  

 Icc  PV units  ≈ 1.1 In  

 Icc  synchronous generators  

≈ 4 ÷ 5 In  

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

Voltage profile and reactive power management 

40 

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

41 

Source: http://astro.ukho.gov.uk/eclipse/0112015/ 

 Installed PV capacity 
in the European 
synchronous area: 
90GW 
 

 Potential PV infeed 
reduction due to the 
eclipse: 30 GW 
 

 Very high ramps 
down and up 
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Coping with exceptional events in presence of VRE generation: the  
partial solar eclipse occurred in Europe on 20th March 2015 
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Source: ENTSOE 

Duration and 
max solar 
obscuration in 
the continental 
European 
countries on 
20th   March 
2015 
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Coping with exceptional events in presence of VRE generation: the  
partial solar eclipse occurred in Europe on 20th March 2015 
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Source: ENTSOE 

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

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

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

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

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

Focus on Italy: effect on ASM (secondary reserve) 

Secondary reserve in Continental Italy 

Effect of the 
eclipse 
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Coping with exceptional events in presence of VRE generation: the  
partial solar eclipse occurred in Europe on 20th March 2015 
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Average daily Delta price: 11,5 €/MWh 
Extra-disbursement for the customers: 10 M€ ! 

Focus on Italy: effect on Day-ahead market 

National Unified Price 
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Coping with exceptional events in presence of VRE generation: the  
partial solar eclipse occurred in Europe on 20th March 2015 
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Reduction of NTC for power import: down to 1 GW 
 
Preventive disconnection of 4,4 GW PV 

Focus on Italy: further actions taken ex-ante 

NTC on 20/3/2015 

hours 
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LOOKING AHEAD: 
Evolution of RES generation capacity mix in Europe 

49 

Source: ENTSO-E 

Load demand trend: four visions recently formulated by ENTSO-E 

 

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

 

Vision (year 2030) 

Demand incl. 

Pumping 

(TWh) 

RES 

penetration 

CO2 

reduction 

V1 Slow Progress 3610 41% 42% 

V2 Money Rules 3712 40% 36% 

V3 Green Transition 4167 49% 62% 

V4 Green Revolution 4327 60% 78% 
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LOOKING AHEAD: 
Decarbonisation targets in Europe 

  2050 

80% / 95% CO2 reduct. 

EU targets 
    2020 

20% CO2 reduct. 
20% RES 

      2030 

“at least” 40% CO2 reduct. 
27% RES 

Full decarbonisation of 
the power sector 

Proposed in January  2014 by the 
“Barroso EC; approved by the 
European Council on Oct. 24th 
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LOOKING AHEAD: 
Decarbonisation targets in Europe 

Longer term trends 

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. 

* ENTSO-E TYNDP 2014  

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” * 
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Situation in Italy 
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Italian electricity production by fuel in 2014  

Forecasted VRE installation: 

 5-years ahead:  

 23.5 GW PV 
 12.7 GW wind 

 10-years ahead:  

 29.8 PV     
 15.6 wind 
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 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) 

Possible solutions to overcome barriers and maximise penetration 
of RES generation 
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 Demand responsiveness 

Demand response from users 
……. including electric vehicles 



September 2015 

The role of transmission infrastructure: the electricity highways 
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Source: EC 
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