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A power sector in transition 



The resource mix is becoming more  
renewable and intermittent 
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The power system is becoming more distributed 
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• In 2015, 41% of new solar PV 
additions in the US were 
distributed (11% of all new 
generation capacity) 

• 98% of all solar PV in Germany is 
connected to LV and MV  

• 20% of customers in Hawaii have a 
rooftop solar panel 

• CHP and fuel cells accounted for 
8% of new US generation capacity 

• Thermal energy storage and 
batteries are becoming more 
competitive  
 
 

DER: Distributed Energy Resource 



The power system is becoming increasingly digitalized, 
enabling more active and price-responsive demand 
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• Nearly 11 gigawatts (GW) of demand-side resources cleared in the capacity market for 
delivery in 2019 and 2020 in the PJM interconnection 
 

• In the United States, roughly 59 million smart meters have been deployed, covering 
over 40 percent of metered sites  
 

• In the European Union, advanced meter deployments are expected to reach 72 percent 
of consumers by 2020  
 

• Electric utilities are vulnerable to attack and will become more so in the next decade 
as utility systems employ more digital controls and as operations and metering and 
resource-management systems become more interconnected and complex  



Power systems are becoming increasingly integrated with 
other key sectors and critical infrastructure 

11 

• Very few industries would function without the steady supply of electricity, making 
reliable, secure, and affordable electric power systems a cornerstone of modern 
economies.  

 
• The final trend is the increased interconnectedness and interdependence of electricity 

and other key sectors and critical infrastructure, such as communications, natural gas, 
heat, and transportation  
 

• Globally, 2015 EV demand increased by more than 80 percent over 2014. EVs could reach 
20 percent of new vehicle sales worldwide by 2030 and 35 percent by 2040  

 
• The growth of electricity generation from natural gas at both the power plant and end-

user level is increasing the dependence of power systems on gas infrastructure. 
Nevertheless, dependencies run in the other direction as well. Compressor stations, key 
valves, and regulators are critical elements that consume electricity to transport gas. 

 



Energy services taxonomy 



Energy services taxonomy 
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Electrical energy: Indisputably the most fundamental service in the power 
system and the reason for its existence.  

Services derived from coordination 
 constraints 

Services derived from Policy 
 constraints, e.g.: 

• Operational reserves 
 
• Firm capacity  
 
• Reliability 

• CO2 limits 
 
• Minimum share of 

renewables 
 
• Minimum local fuels share 

Which industry structure and market design enable for an  
efficient provision of electricity services? 



Structure of the power industry 



Network  
Providers 

  Industry core functions 
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Establish independence between the entities performing these activities. If 
independence is legal or functional, apply significant regulatory oversight & 

transparent mechanisms to provide services  

System  
Operators 

Market  
Platforms 



Market design 
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• Moving to intraday prices closer to real-time to unlock and 

reward greater flexibility 

2 
• Updating bid formats to allow more complex formulations of 

constraints (e.g. flexible demands, storage, EV charging fleets) 
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• More efficient pricing of reserve products (make sure that 
scarcity situations and loss  of load probability  are reflected in 
prices)  and  
non-discriminatory rules for participation in reserves markets 

Remove barriers to the participation of new technologies  
in wholesale markets 



Markets: the potential value of resource aggregation 
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Conclusions 



Conclusions 
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1. The power sector is becoming; 
• More decentralized 
• More digitalized 
• increasingly shaped by renewable energy resources 
 

2. To harness the most cost-effective providers of energy services: 
• The power sector should be structured in such a way that effectively distinct 

entities perform three core functions: Networks, System Operation, and Market 
Platform 

• Markets should move in the direction of increased temporal resolution, capture 
the constraints of complex resources such as energy storage, and efficiently 
procure reserves according to their system value. Resource aggregation could be 
efficient when it doesn’t exploit regulatory flaws. 
 
 



Thank you for your attention 


