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Introduction: Current Challenges in Mobility

 High dependency on crude oil
(Van Mierlo et al., 2006)

 High dependency on crude oil
 Peak oil
 Greenhouse gas emissions / Global warming Greenhouse gas emissions / Global warming

– ca. 18% of total CO2 in Germany

 Urban air pollution Electric Mobility
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Introduction: Electric Mobility and V2G

 Battery Electric Vehicle (BEV)
 Hybrid Electric Vehicle (HEV)
 Plug‐in Hybrid Electric Vehicles 

(PHEV)
 PVEV, FCV, etc.

 Vehicle‐to‐Grid (V2G)
 Discharging energy stored in g g gy

battery to the grid

(Kempton and Tomic 2005)
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Introduction: Electricity Market

 Electricity market characteristics 
– Demand = Supply!
– High volatility of the demand (seasonal, daily)
– Hardly any storage

• 7 000 MW (MWh/h) load and 40 000 MWh storage in Germany• 7,000 MW (MWh/h) load and 40,000 MWh storage in Germany

– Base‐load and peaking plants
marginal costs

[€/MWh]

GT

[€/MWh]

GT
pumped storage

water, wind
nuclear

lignite
coal

CC Gas
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PHEV: A Challenge and an Opportunity for Electricity Producers

4,000,000 PHEV‐60km

 Controlled Charging / Morning Charging
– Prevent PHEV loading during peak hours

Move loading to hours of low electricity demand– Move loading to hours of low electricity demand 
 Vehicle‐to‐Grid

– Use of PHEV energy in peak hours
– Replace peaking plantsp p g p
– Storage of excess energy (e.g. wind?)

4,000,000 PHEV‐60km (12 kWh)  12,000 MW load
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Related Literature (on Daily load impacts of PHEVs)

 Short and Denholm (2006)  

 Kintner‐Meyer, Schneider and Pratt (2007) – focus North America, generation mix y ( ) g

2002; into of PHEV‐33, “load valley‐filling” approach

 Parks, Denholm and Markel (2007) – Off‐peak charging optimizing grid utilization , ( ) p g g p g g

at off‐peak times (control by the SO)

 Fernandez et al. (2009) – Spain, 2030, dumb vs smart charging (+V2G)Fernandez et al. (2009)  Spain, 2030, dumb vs smart charging ( V2G) 

 Sioshansi (2009), Sioshansi and Denholm (2009ab); Texas

 Rotering and Ilic (2009) Fast charging maximizing electric energy charged/use of Rotering and Ilic (2009) – Fast charging maximizing electric energy charged/use of 

the electric drive; Smart charging that maximizes profit from V2G

 Clement Haesen and Driesen (2009) Uncontrolled charging with delay to Clement, Haesen and Driesen (2009) – Uncontrolled charging with delay to 

minimize electricity cost; Controlled charging minimizing power losses in the 

distribution grid
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State‐of‐the‐Art (1/3)

Source: Sioshansi and Denholm (2009a)

 Controlled Charging leads to lower generation costs
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State‐of‐the‐Art (2/3)

 Effects of Controlled 
Charging depend onCharging depend on 
electricity generation 
system

 PHEVs reduce GHG 
emissions at the tailpipe

 Sioshansi and Denholm 
(2009):
– Texas
– Coal‐fired plants with 

poor SO2 treatmentpoor SO2 treatment
Source: Sioshansi and Denholm (2009a)
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State‐of‐the‐Art (3/3)

Figure 9: Overview over results in literature concerning emissions and penetration
Dowds et al. 2009 

 Power from the electrical grid requires additional powerPower from the electrical grid requires additional power 
generation and causes additional GHG emissions from the 
electrical sector.
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Aim and Scope of our Work

 Focus of our study: Germany

 What is the annual impact of PHEVs …What is the annual impact of PHEVs …
– … on the daily load in Germany?
– … on generators deployment in Germany?
– … on generation costs in Germany?
– … on GHG and pollutant emissions in Germany?

 What is the influence of different charging scenarios, for instance Uncontrolled 
Charging, Morning Charging or V2G?

 What is the effect of different energy mixes?gy
– Current energy mix
– After nuclear power phase out
– ‘French’ energy mix

 How are PHEV owners affected?
– … in terms of fuel costs
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The Model

Modeling and Simulating the Impact of Plug‐in Hybrid Electric Vehicles and 
V2G on Electricity Generation Costs and Emissions

Modeling and Simulation of Power 
Generation Infrastructure

• Real world power plant data

Modeling and Simulation of 
Vehicle Usage Pattern 

• Determination of PHEV connected to• Real world power plant data
• Real world net load curve
• Real world wind power production
• UC model based on Sioshansi (2009)

• Determination of PHEV connected to 
grid and energy stored in batteries 
(based on Hartmann et al. (2009) 

• Different Charging Scenarios( )
• Data for 2008 • ‘Mobility in Deutschland’ study (DIW 

2003)     
• Data for 2001

Simulation with Matlab/lp_solve

ImpactPower generation costs Generation emissions

PHEV ‘fuel’ costsPHEV emissions

Impact
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The Model

S start up costs; SP spinning costs; CI CD
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UML Activity Diagram
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Charging Scenarios (1/2)

Charging

V2G
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Charging Scenarios (2/2)

C. Mazur, R. Madlener
June 24th, 2010

Assessing the Power Sector‐Related Environmental and Cost Impacts of 
Plug‐in Hybrid Electric Vehicles in Germany 20

4,000,000 PHEV‐60km



Overview

 Introduction

 Related Literature

 Aim and Scope of our Workp

 Methodology

 Results and Findings
– Generator Deployment
– Generation Costs and Emissions
– PHEV Costs and Emissions
– Impact of Other Energy Mixes

 Conclusions

C. Mazur, R. Madlener
June 24th, 2010

Assessing the Power Sector‐Related Environmental and Cost Impacts of 
Plug‐in Hybrid Electric Vehicles in Germany 21



Generator Deployment

With Controlled Charging

 Lower deployment of peaking plantsp y p g p

 Higher deployment of coal fired plants
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Generation Costs and Emissions

With Controlled Charging

 Generation costs

 Average Emissions
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PHEV Operation Modes

With Controlled Charging:

 Not only the specific emission footprint of the energy changes,y p p gy g ,

but also ratio of driven kilometers in All‐Electric Mode decreases 
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PHEV Costs

For comparison:
Conventional vehicle
€1368 p.a. and 14,481 km p ,

With Controlled Charging: Fuel costs increase
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PHEV Emissions

With Controlled Charging: Average vehicle emissions increase
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PHEV Emissions

 Annual per‐vehicle emissions in t per year and average travel distance of 
14,481 km
– PHEV‐60km
– Current energy mix
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Impact of Other Energy Mixes (1/3)

 Germany in 2020 with nuclear power phased out
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Impact of Other Energy Mixes (2/3)

 Germany in 2020 with ‘French’ energy mix
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Impact of Other Energy Mixes (3/3)

CV
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Conclusions

 With current energy mix
– Uncontrolled Charging  leads to higher generation costs
– Incentives for electricity producers to control charging patterns & V2G– Incentives for electricity producers to control charging patterns & V2G

• Decrease of generation costs
• Increase of generation emissions
• Increase of PHEV fuel costs and emissions• Increase of PHEV fuel costs and emissions

 Energy mix without nuclear power leads to slightly higher emissions
– if nuclear power is substituted to a large extent by wind power 

 ‘French’ energy mix is affected the most by controlled charging

 Scope for future research Scope for future research:
– Modeling of impacts of grid constraints
– Optimization 24 hours ahead
– More detailed modeling of power generation system

• by efficiency factor, age, size of plant etc.
– Simulation of individual PHEV usage instead of aggregated pools
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Figure 14: Illustration of modeled PHEV Data.  Left: Aggregation of PHEVs at home, connected to grid and their total stored energy. Right: 
Aggregation of PHEVs out of house and their left stored energy. 
Source: own illustration
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Figure 15: Approach for modeling PHEVs flows
Source: own illustration
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Figure 16: Amount of vehicles connected to home grid (simulated 4,000,000 PHEV‐60km)Figure 16: Amount of vehicles connected to home grid (simulated 4,000,000 PHEV 60km)
Source: own illustration, results of own simulation, based on (DIW, 2003)
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