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Figure 2. LCA result spider diagrams selected tech. normalised to 1 kWh directly delivered solar PV, spikes indicate trade-offs.

(B) & (C) Results — Environmental Costs: TCA(-LCOYS)

Method-stacking: hybrid LCA-TCA [12]

* Attributional static (prospective) Life-Cycle Assessment (LCA):
* LCA: Activity Browser, ISO 14044:20006 [13], Ecoinvent v3.9.1, ReCiPe2016 (B) Environmental costs: TCA results range between 0.05-0.60 €2024/kWh-storing (Fig.
* Data collection: Foreground processes based on literature [6], [14], [15], ecoinvent 3). Non-climate impacts account for >90% of TCA costs, dominated by human health-
v3.9.1 (e1391) [16], and Siemens Energy AG [17]. damaging impacts: “(Non-)carcinogenic human toxicity” (HTPnc/HTPc), and “particulate
* Background scenarios: SSPs from REMIND [19] & PREMISE [20] matter formation” (PMFEFP). The contribution analysis identified technol-ogy-specific

True Cost Accounting (TCA): Environmental externality pricing via CE Delft [18] hotspots, with steel and lead processing dominating HTPc, copper and lead-related mining

LCA results show storing 1 kWh photovoltaic (PV) electricity can, depending on technology,
amplify impacts: Climate impacts (GWP100) between +40-400% (+34-340 ¢CO2/kWh-
storing), and others between +10-1,100% compared to direct solar PV electricity use (Table
1). Nevertheless, all storage technologies have significantly lower climate impacts than
alternative natural gas peaking plants. While selected (historic, current, promising market
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dominance) mechanical storage and batteries show currently similar low-impact levels, future
scenarios show “A-CAES” with lower across impacts, except “land use” (ILOP). This is across
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Figure 3. Current (2022) environmental costs (TCA) for storing 1 kWh, for comparison, LCOS (calculated via [21]) and LCOE
[22] for direct delivered electricity sources.

resource depletion (SOP), land use (LOP), and marine eutrophication (MEP).
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