
Renewable energy and grids



Electricity generation in Germany by source (2019): RES at ~40% of consumption
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Challenges

• Not enough or too much power

• Congestions

• Legacy grid topography

Typical availability (load factor)

Conventional technologies (nuclear, coal, gas) 0.85

Wind onshore 0.2

Wind offshore 0.4

Solar 0.1



Solutions

• Adjusting RES development to grid conditions

• More grids, more interconnections

• Grid upgrades

• Increasing flexibility of non-RES supply and demand

• Sector coupling

• Storage



Adjusting RES: location restrictions and hybrid plants



More grids

2009-2012: vRES production increased by 59% while balancing energy demand dropped by 37%



Grid upgrades

• Increased physical capacity

• Increased regulatory capacity
(congestion management rules)

• TS-DS interaction

• Smart grids



Flexibility of conventional technologies

Technology
Minimum power

(% of rated power)

Ramp rate
(% of rated power per 

minute)
Hot start-up time (h)

Nuclear 50% 2% 24

Coal 30% 6% 3

Natural gas – CCGT 30% 8% 2

Natural gas – OCGT 20% 20% 0.16

Sources: (Gagné, 2014; Gonzalez-Salazar et al., 2018)



Carbon intensity (gCO2 eq/kWh)

Source: IPCC 2018, p. 537 (https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter7.pdf)



Flexibility of demand (demand response)



Sector coupling (electrification)

• Transport

• Residential heating

• Industrial heating

• Long-distance energy transportation
(syngas, hydrogen)



Storage



Storage

• Variety of tech: pumped hydro, battery, flow battery, capacitor, 
flywheel, hydrogen, compressed air, gravitational

• What we look at:
• Power and capacity (MW and MWh)
• Levelized costs of storage (€/MWh)
• Operating costs
• Round-trip efficiency
• Construction time
• Cycle life (cycles before capacity falls below 80%)
• Space requirements and weight (power or energy per unit of mass or volume)
• Depth of discharge
• Level of technology maturity


