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Air pollution from energy production and distrib.: trends 

Contribution to total EU-28 emissions from Energy production and distrib. 



Air pollution from energy production and distrib.: trends / NOx 

Source: EEA, 2018 

Status of concentrations 

EU-28 emissions of NOx 1990-2016 



Air pollution from energy production and distrib.: trends / SOx 

 SO2 concentrations are generally well 
below the limit values for the protection of 
human health 

 In 2016, 17 stations (out of about 1 600) 
registered concentrations above the 
hourly limit value, 23 stations registered 
concentrations above the daily limit value 
for SO2. 

 On the contrary, 37% of all the stations 
reporting SO2 levels, located in 30 
reporting countries, measured SO2 
concentrations above the WHO air quality 
guideline of 20 μg/m3 for daily mean 
concentrations in 2016. 

Status of concentrations 

Acidification and vegetation exposure 

EU-28 emissions of SOx 1990-2016 

 Strong reductions in emissions of SOx 
over the past three decades. Nitrogen 
compounds emitted as NOx are principal 
acidifying components in both terrestrial 
and aquatic ecosystems. However, SOx, 
have a higher acidifying potential. 

Source: EEA, 2018 



EU-28 emissions of Ni 1990-2016 

Status of concentrations - Ni 

Air pollution from energy production and distrib.: trends / Ni 



Air pollution from energy production and distrib.: trends / Hg and As 

Status of concentrations - As 

EU-28 emissions of Hg 1990-2016 
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Source: IN-DEPTH ANALYSIS IN SUPPORT OF THE 
COMMISSION COMMUNICATION COM(2018) 773. 
European strategic long-term vision for a prosperous, modern, 
competitive and climate neutral economy  

EU long-term strategy 



Results within the range of other 
studies: 
 For EU values from slightly 

above 75% in 2050 (IEA 
ETP B2DS and Shell Sky 
scenario203) to an almost 
fully renewables power 
system (IRENA's global 
energy transformation, 
Greenpeace Energy Revoluti 
and the Öko-Institut Energy 
Vision).  

 Consistent with IPCC Special 
Report on 1.5°C 

EU long-term strategy 



End of the story? 

Estimated implications of EU long-term strategy on air pollution 
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Increasing penetration of VER: recent trends in Italy 

RES installed capacity -  
Italy 1998-2017 

RES electricity generation –  
Italy 2008-2017 

Max penetration RES and VER (as % of demand) 



Peak load adequacy Capacity margin Italy 2013-2017 

 Peak load adequacy during hours with high demand and low renewable input; contribution of 
variable renewables to peak demand can be low: low capacity credit of wind / solar  

 Enough dispatchable capacity is needed to meet peak demand (incl. generation capacity, storage 
and demand response) BUT low capacity factors 

Adequacy : theory and insights from recent trends 

Baritaud, 2012 



Risk of curtailment 

17/04/2017 

 Minimum load balancing: need to maintain generation equal to the load during hours with low 
demand and high RES input; minimum residual load 

 Hours of excess VRE output (negative residual load) 
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Adequacy and flexibility: theory and and insights from recent trends 



 Q3 2018, total curtailments of non-synchronous 
generation increased to around 150 GWh (or 10% of 
South Australian non-sync. gen.) curtailment 26% of the 
time during the quarter, highest amount on record  

 Key drivers were record high wind generation and 
insufficient synchronous generators being available to 
meet system strength requirements. 

Germany 

Power-Industry Transition, Here and Now 

Wind and Solar Won’t Break the Grid: Nine Case Studies 

February 2018 

Gerard Wynn, Energy Finance Consultant 

South Australia 

Increasing curtailment of VER 



• Ramp rates of residual demand when renewable output decreases and demand increases 
simultanously: shape of the residual demand curve that needs to be followed by conventional 
generation plants; flexibility of conventional plants more frequently and intensively called upon  

• Ensuring network reliability under such conditions will require a series of actions, including 
relying on storage and demand response. Interconnections will be particularly valuable for the 
aggregation of loads in different countries and to smooth wind output variations 

7 GW 

12 GW 

Increasing ramp rates 



• Predictability of VRE: whereas demand uncertainty on a day‐ahead time‐scale is typically in the 
range of 1‐2% of load, the mean absolute error for wind is 15%, 24 hours before real time 

• Uncertain wind and solar generation forecasts increase the need for flexibility closer to real 
time. As a result, wind uncertainty may yield a need to redefine the amount of reserves required 
to maintain the standard of power system security  

Baritaud, 2012 
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Increasing hourly variation of electricity production 



 VER shift the supply curve of conventional electricity virtually out of the market  temporarily 
very low market prices close to zero 

 Negative prices can occur if wind has to be dispatched and conventional load are running at 
their minimal technical level and want to avoid shut down for economic reasons or must be kept 
online for system security reason 

Spark spread Italy 2008-2017 and % 
thermal generation 
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Increased frequency of low/negative prices 

Integrating variable energy resources at the California ISO 

Presented to the Air & Waste Management Association Mother Lode Chapter 

March 22, 2016,  Delphine Hou  



20 

 Indirect impact of PV and wind on the costs at which fossil capacities are offered at times when 
renewable energy sources are scarce. 

 Major effects: higher price volatility from hour-to-hour and day-to-day;  high prices do not 
necessarily appear at peak demand times but at times with low availability of electricity from 
RES;  low price level will be associated with high production from RES; growth of balancing 
markets  

Ratio between prices different 
hours 

Ratio hourly price / avg price 

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

2010 2011 2012 2013 2014 2015 2016 2017

F1/F2

F1/F3

New relationship between electricity prices and demand 



1. Context: Air pollutant emissions from energy production and distribution 

2. What’s next 

3. Challenges from ongoing structural changes in the power system: theory and 
insights from recent trends 

4. Is a 100% renewable European power system feasible by 2050? 

 

 

 



Feasibility of 100% electricity system 

 Heard Brook, Wigley, Bradshawd, Burden of proof: A comprehensive review of the feasibility of 100% 
renewable-electricity systems, Renewable and Sustainable Energy Reviews, 76 (2017) 1122–1133 

 “While many modelled scenarios have been published claiming to show that a 100% renewable electricity 
system is achievable, there is no empirical or historical evidence that demonstrates that such systems are in 
fact feasible” 

 “None of the 24 studies provides convincing evidence that basic feasibility criteria can be met ” 



• A number of challenges were not addressed at the time of the 2009 climate and energy 
package. (…) The management challenges linked to the introduction of renewables (…) were 
also not fully considered and the impact of a large number of national support schemes for 
renewables on market integration was underestimated 

• The Third Energy package (…) did not address the issue of whether the market offered the 
necessary incentives to invest in generation, distribution and transmission, and storage 
capacity in a system with greater shares of renewables 

• The current climate and energy targets were designed to be mutually supporting and there 
are indeed interactions between them. (…) There are obvious synergies but there are also 
potential trade-offs  

      (COM(2013) 169 final) 

 

Jacobson et al,  
2017 

Feasibility of 100% electricity system and (neglected) trade-offs 



 “The current share of these renewable energy sources (RES) can still more or less be handled by 
existing systems and flexibility, benefiting from remaining excess capacity of dispatchable 
(backup) generation and links to other grids that can balance the intermittency.  

 However, often higher levels of intermittent RES are envisaged for the future, posing significant 
challenges on system operation and planning. In assessing possible energy futures, long-term 
energy system models are typically used. The representation of RES in such models needs 
careful attention, as intermittent RES come with a number of specific characteristics, making 
them different from conventional dispatchable generation.” 

Renewables Intermittency in Energy System Model 

Erik Delarue, Jennifer Morris,  
Renewables Intermittency: Operational Limits and Implications for Long-Term Energy System Models 

 MIT Joint Program on the Science and Policy of Global Change, 2015  



 Economic and/or security constained 
curtailment increases with Solar PV 
penetration 

 California ISO: Estimation of 
curtailement in California 2024 

Implications of increasing share of RES/VER 

MIT, The future of solar, 2015 



Implications of increasing share of RES/VER: Germany 2040 (BNEF) 

Beyond the Tipping Point. Flexibility gaps in future high-renewable energy systems in the U.K., Germany and Nordics 
A Bloomberg New Energy Finance study commissioned by Eaton in partnership with the Renewable Energy Association 

Presentation for CEER, March 1, 2018 



Implications of increasing share of RES/VER: Germany 2040 (BNEF) 

Beyond the Tipping Point. Flexibility gaps in future high-renewable energy systems in the U.K., Germany and Nordics 
A Bloomberg New Energy Finance study commissioned by Eaton in partnership with the Renewable Energy Association 

Presentation for CEER, March 1, 2018 



 Ramp rates substantially 
steeper: maximum hourly 
ramp rates in Germany = 1/3 of 
national load 

 Relatively important levels of 
curtailment in Spain, almost 
negligible elsewhere  

METIS Studies. Study S11  
Effect of high shares of renewables on 
power systems  

Implications of increasing share of RES/VER: whole EU 2030 (EC)  



Implications of increasing share of RES/VER: evidence based 
approach (UKERC)  



Implications of increasing share of RES/VER: evidence based 
approach (UKERC) 

 Trade-offs of conventional plants to back up v-
RES: effect of partloading on  efficiency – and 
hence emissions – often neglected. CCGT 
efficiency drops as low as 35% when its load is 
reduced to 50% or less of the rated power 
output – an efficiency reduction of 20 
percentage points 



 expanding generation capacity to at least 1.9 
TW (1 TW today) 

 expanding cross-border transmission capacity 
by at least ∼140GW (current levels 60 GW),  

 well-managed integration of heat pumps and 
EV, to reduce peak demand  

 energy efficiency to prevent massive increase 
in electricity demand (and for biomass) 

 large-scale mobilisation of Europe’s biomass 
resources (power sector use at least x4.5)  

 increasing solid biomass and biogas capacity 
deployment to at least 4GWy−1 and 6GWy−1 
every year until 2050  

 wind deployment levels of at least 7.5GWy−1 
to be maintained (currently 10.6GWy−1) PV 
deployment to increase to at least 15GWy−1 
(currently 10.6GWy−1) until 2050  

 additional costs, at least 530 €bn y−1, 
approximately 30% higher than for a system 
with nuclear or CCS 

 

Some (uncertain) conclusions: 
Requirements of a 100% EU renewable power system by 2050 

Source: Zappa et al., Is a a 100% renewable…, Applied 
Energy, 2019 



 After some threshold, decreasing relationship 
between RES capacity and its marginal 
contribution to generation; therefore, even with 
perfect backup, a technical limit exists on 
achievable RES shares. In the absence of system 
flexibility, substantial backup is required to ensure 
reliable electricity 

 Costs of intermittency: trade-off 
decarbonization/cost of energy  

 50-60% VER is already a challenging power system. 
Still a role role for dispatchable generation 
(Biomass? Gas low efficiency?) 

 Even a 100% renewable power system would 
require significant flexible zero-carbon firm 
capacity to balance VER. This could be 
hydropower, CSP, geothermal, biomass, or seasonal 
storage, yet none of these technologies are 
currently being deployed at the level necessary 
to support a 100% renewable power system by 
2050. 

Some (uncertain) conclusions 

However: 
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