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Research Topic
Battery energy storage systems (BESS) are a promising alternative for primary control provision (PCP). Rapid-response characteristics, the ability to
reduce must-run capacity of fossil fired power plants and the possibility to base PCP on renewable electricity are key advantages of BESS. Currently
Younicos AG is building a 5 MW / 5 MWh BESS for PCP for the German utility WEMAG AG in Schwerin. Here we present different environmental
impacts caused by the set up of this system.

Methodology
In a Life Cycle Assessment (LCA) environmental impacts of the construction of a 5 MW / 5 MWh system for PCP (Figure 1) are investigated. Figure 2
describes the components considered in the assessment. Most of the components data for the BESS are provided by Younicos AG. For background data
GaBi 6.0 and ecoinvent database (2.2) are used. The data will later be combined with BESS operation data for PCP, to show the relative influence of the
construction phase in the entire life cycle.

Results

Conclusions

Life Cycle Assessment of a large-
scale battery system for primary 
control provision

Fig. 1: Schematic interior view of 5 MW / 5 MWh
BESS for PCP at Schwerin (Germany)

Fig. 4: Environmental impacts caused by the construction of BESS

Fig. 2: BESS system boundary for Life Cycle Assessment

Share of components on selected environmental impacts

Life cycle impact assessment
Fig 3: Main material inputs per BESS

 Different environmental impacts are dominated by different components
 Battery Racks are biggest contributor to almost all environmental impacts (except ODP)
 Main components for the input related ADPelem. are Battery Racks, Battery Management 

System and Inverter
 The GWP is influenced by Battery Racks, Inverter and the Building
 For Ecotoxicity the Battery Racks are dominating (>80%), for Human Toxicity also the setting 

up of the Building and its materials as well as the Inverter are relevant
 In the Battery Rack the Cells are the main contributor to the impacts

Outlook

ADPelem. Abiotic Resource Depletion Potential (mineral) GWP Global Warming Potential ODP Ozone Depletion Potential EPfw Eutrophication Potential (fresh water) HTPc Human Toxicity Potential (carcinogen) ETP Ecotoxicity Potential

ADPfossil Abiotic Resource Depletion Potential (fossil) AP Acidification Potential EPsw Eutrophication Potential (saltwater) POCP Photochemical Ozone Creation Potential HTPnc Human Toxicity Potential (non carcinogen) PM Particulate Matter

Life cycle inventory

 Consideration of BESS operation phase in LCA
 Assessment of the relative influence of

construction and operation for PCP
 Comparison of environmental impacts of PCP 

supplied by new BESS and coal power plants
 Determination of coal power plant efficiency 

loss, attributable power plant segment for PCP 
and possible reductions of must-run capacities 

Fig. 5: ADPelem. Fig. 6: GWP Fig. 7: HTPc Fig. 8: ETP

Energy
Resources

Manufacturing
Battery Cell

Manufacturing
Battery Rack

Manufacturing other
system components

System
integration

Operation

Material
Resources

System boundary

- Cathode (LMO/NMC)
- Anode (Graphite)
- Electrolyte (LiFP6)
- Separator
- Casing

Manufacturing
Battery Pack

Construction

PCP 
provision

- Thermal Management System
- Inverters
- Transformer
- Switchgear
- Cables
- Battery Management Systems

- Building 
(incl. fire protection / 
sprinkler system)

Emissions & Wastes Electricity

- First charge
- Balance energy
- Stand-by 

consumption

9.6 E04 kg 2.5 E04  kg 1.1 E03 kg 5.7 E03 kg 2.3 E05 kg 8.6 E05 kg 1.4 E04 kg

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Iron Copper Lithium Nickel Limestone Raw Gravel Manganese

Thermal Management System

Switchgear

Battery Racks

Battery Management Systems

Inverters

Transformer

Cables

Building

[E+01 kg PM2.5-eqv.]

[E+05 CTUe]

[E-02 CTUhnc]

[E-03 CTUhc]

[E+01 kg NMVOC]

[E+01 kg P-eqv.]

[kg N-eqv.]

[E-03 kg R11-eqv.]

[E+01 kg SO2-eqv.]

[E+01 kg CO2-eqv.]

[E+04 MJ]

[kg Sb-eqv.]

Cells
22%

Battery 
Racks
49%

Others
7%

Battery 
Management 

System
16%

Transformer
1%

Inverter
18%

Switchgear
8%

Cables
2%

Thermal 
Management 

System
0.5%

Building
6%

Electronics
25%

Cells
25% Battery 

Racks 38%

Others
9%

Battery 
Management 

System
2%

Transformer
11%

Inverter
25%

Switchgear
2%

Cables
1%

Thermal 
Management 

System
3%

Building
18%

Electronics

Battery 
Racks 56%

Electronics
4%

Battery 
Management 

System
2%

Transformer
1%

Inverter
16%

Switchgear
1%

Cables
2%

Thermal 
Management 

System
1%

Building
20%

Cells 52%

Battery 
Racks 82%

Electronics
4%

Battery 
Management 

System
2%

Transformer
<1%

Inverter
9%

Switchgear
1%

Cables
4%

Building
2%

6%

Cells 78%


