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Section 1. Methods and datasets for the LCOE calculation 

In Figures 2 and 3, we calculate the LCOE as a function of solar modules’ PCE and ADR. The full equation 

is presented below: 

LCOE =  
CAPEX +  ∑

OPEX
(1 + 𝛿)𝑡−1

𝑇
𝑡=1

∑
PR × Irr × (1 − ADR)𝑡−1

(1 + 𝛿)𝑡−1
𝑇
𝑡=1

 , 

 

where CAPEX (in €2021/kWp) are the capital expenditures incurred for the installation of the PV 

residential solar system at time 𝑡 = 0, OPEX (in €2021/kWp/yr) are the yearly operational expenditures, 

𝛿 (in %) is the discount rate, PR (in %) is the performance ratio of the PV modules, Irr (in kWh/m2/yr) 

is the local irradiance, ADR (in %) is the annual degradation rate of the PV modules, and 𝑇 (in yr) is the 

total lifetime of the project. 

As mentioned in the main text, for our study we use total CAPEX of 1300 €2021/kWp1 for c-Si PV. This 

value is the average of the high-end value (1600 €2021/kWp) and low-end value (1000 €2021/kWp) 

reported in the Fraunhofer study of 20211. Additionally, we consider 𝛿 = 5%2 and PR = 80%. 

Compared to the 85% PR used in our work on the utility sector3, the lower PR chosen here represents 

the higher losses occurring from shading and soiling in urban area contexts, relative to the more ideal 

conditions set forward in the utility context.  

When calculating the BOS costs for modules containing perovskite materials, we use the baseline of  

780 €/kWp reported for c-Si PV in the residential sector1. Of these 780 €/kWp, 70% (i.e. 546 €/kWp) 

are attributed to BOS costs dependent on the modules’ efficiency while the remaining 30% (i.e. 234 

€/kWp) are attributed to BOS costs dependent on the PV system power output4. The efficiency-

dependent segment will reduce with higher perovskite PCE, i.e. BOS = 546 ×  
PCE (silicon)

PCE (perovskite)
+ 234. 

We consider an average c-Si PCE of 20% for the residential sector.  

For the per-Si tandem cost calculation, we select an additional cost of 50 €/m2 for the silicon sub-cell, 

corresponding to the minimal price found online for purchasing a single silicon solar module5, and 

equivalent to the manufacturing cost of silicon sub-cells in the utility scale3. For simplicity purposes, 

we don’t consider any additional cost for the integration of the two sub-cells. We note, however, that 

the balance of modules components (junction box, wiring, etc) are accounted for twice in our 

calculation (in the perovskite module cost, as well as in the additional silicon sub-cell cost). This effect 

is expected to counterbalance the initial simplified assumption. 

In the main text, we report on perovskite solar modules being the key lightweight alternative to the 

majority of existing c-Si technologies. We do, however, also acknowledge the recent emergence of 

lightweight c-Si PV modules in the market, such as those employing metal wrap through designs6 

together with lighter glass covers and frame. So far, these modules only represent a very small fraction 

of the c-Si PV modules on the market, but we cannot exclude the possibility of this market share 

growing in future years. 
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Section 2. Cost reduction scenarios analysis 

In Tables S1 and S2 below, we present the assumptions used to derive the different cost reduction 

scenarios shown in Figure 4 and 5 of the main text, respectively for perovskite SJ and per-Si tandem 

modules.  

The initial BOS CAPEX are set to 40, 60, and 80% of the total CAPEX for c-Si PV in the optimistic, baseline 

and conservative scenarios, including a contribution of either 32, 42, or 52% which is efficiency-

dependent, and a remaining contribution of 8, 18 or 28% which is purely capacity-dependent. The ADR 

of the modules are set to 1%, 2% and 3%, respectively. 

 

 

Table S1. Set of assumptions regarding module CAPEX learning rate, BOS CAPEX learning rate, module 

PCE, module PCE annual progress rate (APR), CAGR, initial cumulative installed capacity (CIC), initial 

module CAPEX, initial BOS CAPEX (capacity-dependent and area-dependent), and ADR for the 

conservative, baseline and optimistic cost reduction scenarios of SJ perovskite modules, as shown in 

Figure 4. 

 

Table S2. Set of assumptions regarding module CAPEX learning rate, BOS CAPEX learning rate, module 

PCE, module PCE annual progress rate (APR), CAGR, initial cumulative installed capacity (CIC), initial 

module CAPEX, initial BOS CAPEX (capacity-dependent and area-dependent), and ADR for the 

conservative, baseline and optimistic cost reduction scenarios of per-Si tandem modules, as shown in 

Figure 5. 
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In Figure S1, we show the cost reductions for SJ perovskite modules from 2025 to 2050, specifically in 

terms of the module CAPEX and BOS CAPEX, according to the three scenarios described above. From 

2025 to 2050, module CAPEX reduce from 800 to 320 €/kWp in the conservative scenario, from 333 

to 98 €/kWp in the baseline scenario, and from 142 to 30 €/kWp in the optimistic scenario. For BOS 

CAPEX, the costs are reduced from 1445 to 995 €/kWp in the conservative scenario, from 962 to 532 

€/kWp in the baseline scenario, and from 580 to 246 €/kWp in the optimistic scenario. The module 

CAPEX thus reduces much faster than the BOS CAPEX, a phenomenon which can be explained by the 

lower learning rate applied to BOS compared to modules. 

 

Figure S1. Cost reductions for SJ perovskite modules in the residential market, under conservative, 

baseline, and optimistic scenarios, for the time period 2025 – 2050, in terms of (a) the module CAPEX 

and (b) the BOS CAPEX.  

 

In Figure S2, we show the cost reductions in terms of module CAPEX and BOS CAPEX for per-Si tandem 

modules, according to the same three scenarios, from conservative to optimistic. From 2025 to 2050, 

module CAPEX reduce from 750 to 337 €/kWp in the conservative scenario, from 444 to 147 €/kWp 

in the baseline scenario, and from 142 to 30 €/kWp in the optimistic scenario. For BOS CAPEX, the 

costs are reduced from 1040 to 792 €/kWp in the conservative scenario, from 720 to 442 €/kWp in 

the baseline scenario, and from 300 to 71 €/kWp in the optimistic scenario. The BOS CAPEX are lower 

than in the case of SJ perovskite modules, due to the higher PCEs reached by the tandem modules. 

 

Figure S2. Cost reductions for per-Si tandem modules in the residential market, under conservative, 

baseline, and optimistic scenarios, for the time period 2025 – 2050, in terms of (a) the module CAPEX 

and (b) the BOS CAPEX. 
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In order to compare the LCOE of SJ perovskite modules and per-Si tandem modules to that of c-Si PV 

modules in 2050 in the residential sector, we calculate the LCOE of c-Si PV for 2050. We consider the 

PCE of c-Si PV to grow by a 0.2%/yr rate, which, with the initial PCE set at 20% in 2025, is equivalent 

to having modules with 25% PCE by 2050. Over this same time period, the ADR of c-Si PV is decreased 

from 0.05%/yr to 0.025%/yr - a value already common for c-Si modules in the industrial and utility 

sectors. The LRs for module and BOS are kept equal to those from the baseline scenarios of perovskite-

containing modules, i.e. 25% and 10%. We obtain a 7.3 ct/kWh LCOE for c-Si PV in 2050.  
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