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Solid oxide electrolyser cells (SOECs) can turn electricity and a suitable feedstock, such as water 
and/or carbon dioxide, into fuels at high efficiency. The technology can play a key role in a fossil 
fuel free society, by providing fuels for transportation and for balancing the electricity system. The 
technology is one of the most promising in its field because of low material costs, high power 
densities and before mentioned high efficiency. 
 
SOECs are currently not widely commercially available, although demonstration plants and few 
niche applications have recently come into operation. This means that there is not a developed 
market for the technology yet and information about costs are not readily available. It is however 
very important that people who model the energy system or are in policy making positions have 
access to as accurate as possible information about the possible cost and performance of the 
technology in the future. 
 
DTU Energy has participated several times in the past in predicting the development of price and 
performance of SOEC’s in different reports e.g. [1]. This paper is intended to collect and document 
in one place our prognostics, as well as, the data and assumptions that lay behind them.  
 
 
Cost of a SOFC stack 
 
Solid oxide fuel cells are essentially the same devices as SOECs, only operated in reverse. Jan 
H.J.S. Thijssen has made an extensive report on the manufacturing cost of SOFCs as a function of 
production volume for the National Energy Technology Laboratory at the Department of Energy in 
the USA [2]. He finds that by increasing the production volume of a factory from 5-10 MW to 250-
500 MW per year the manufacturing cost of SOFC stacks can be lowered 4-8 times (see Figure 1), 
which is consistent with well-known cost reductions observed when scaling up manufacturing for 
other technologies. He also reports that a scaling up of the cells from 100-150 cm2 to 1000 cm2 can 
lower their cost by 10-20%. The report concludes that for SOFC’s to become economical it is 
important that the production volume of each factory will reach 25 MW as fast as possible [2]. A 
careful review of literature [3-6] shows that all other analyses of SOFC stack manufacturing costs 
with scale-up agree well with the Thijssen report, within 30% of Thijssen’s estimates at 100 MW/yr 
production volume. 
 
A Chinese SOFC stack company SOFCMAN provides stack prices at their homepage. A 2 kW 
SOFC stack costs 15000 RMB corresponding to 1100 $/kW (with the exchange rate around mid-
September 2016). The current production capacity for this company is around 10 MW/yr which 
makes the price in reasonable agreement with the cost estimation for a 5 kW SOFC stack provided 
by the Thijssen report [2] (Figure 1). 
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Figure 1: Effect of production volume on estimated direct manufactured cost ($/kW) for SOFC stacks with planar rectangular cells 
[2]. 

 
Price of a SOC stack for a given cell area 
 
As has been mentioned previously SOC stack can both be operated in FC mode and EC mode. The 
SOC stack can, however, be operated at significantly higher power densities in EC mode compared 
to FC mode, which gives a very different cost per output of the stack. It is therefore good to 
calculate the stack cost over cell area rather than stack cost over power output when comparing a 
stack used as a fuel cell to a stack used as an electrolyser. In the Thijssen report the SOFC stacks 
are assumed to operate at 0.4 W/cm2 [2].  It is also worth noting that the cost of the raw materials 
that comprise the cells is only about 5% of the total stack cost at the 25,000 m2/year production 
volume, as shown in the Thijssen report and supported by our own calculations using current raw 
material market prices together with known quantities of NiO, ZrO2 and other materials per cell 
area. When considering the direct manufactured costs of stack modules (including interconnects, 
balance of stack, assembly and quality control), the materials costs make up 33% of the total stack 
costs (or less), according to figure 0-3 in the Thijssen report [2]. This is based on high production 
volumes.  
 
Table 1: Shows the production costs of SOFC stacks per power output and per m2 for a given production volume adopted from the 
Thijssen report [2]. 

[MW/year] 5 10 25 50 100 250 500 1,000 
[m2/year] 1,250 2,500 6,250 12,500 25,000 62,500 125,000 250,000 
[$/kW]  1,600 900 420 310 250 228 210 200 
[$/m2] 6,400 3,600 1,680 1,240 1,000 912 840 800 
 
 
SOEC operational parameters 
 
The electrolysis reaction is endothermic, meaning that heat has to be provided to drive the reaction 
in addition to electrical power. At the same time heat is formed in the stack from ohmic resistance. 
Thermoneutral voltage is the term used for the potential where the heat consumed by the 
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electrolysis reaction and the joule heat created in the stack are equal. For steam electrolysis at 
standard pressure and a temperature between 600-750 °C the thermoneutral voltage is Vtn = 1.28-
1.29 V, in this document it will be assumed that the SOEC systems considered run at thermoneutral 
voltage unless stated otherwise.  The current density through the electrolyser is calculated using 

 𝑖𝑖 =
𝑉𝑉𝑜𝑜𝑜𝑜 − 𝑉𝑉𝑁𝑁
𝐴𝐴𝐴𝐴𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 , (1) 

where Vop = Vtn is the operating potential of the electrolyser, VN is the Nernst potential for the given 
reaction and ASRstack is the area specific resistance over the stack. There has been a steady 
improvement on the SOC technology over the past years, which is expected to continue through the 
coming years. The operational properties assumed in this report are shown in Table 2 [7]. (Note, 
that here (Table 2) an average gas composition was used when assessing VN) 
 
Table 2: Assumed operational properties of the SOEC systems for given time periods. The properties listed are operational 
temperature Top, the area specific resistance of the stack ASRstack, the operational potential Vop (=VTN), the Nernst potential VN, the 
current density i and the power density p over the stack.  

Stack properties 2015-2017 2018-2020 2021-2025 2026-2035 
Top [°C] 750 750 700 650 
ASRstack [Ohm ⋅ cm2] 0.40 0.28 0.24 0.20 
Vop [V] -1.29 -1.28 -1.28 -1.28 
VN [V] -0.99 -0.99 -1.01 -1.02 
i [A/cm2] -0.74 -1.02 -1.13 -1.28 
p [W/cm2] 0.96 1.31 1.44 1.64 

 
 
The cost of a SOEC stack 
 
Using the operational properties and cost per cell area in a SOC stack presented above we can 
estimate the cost of a SOEC stack per power consumed for a given production volume and time 
period, the results are presented in Table 3.  
 
As before the stack cost is assumed to drop up to 8 times with the increased production capacity in 
the given production facility, the cost in the last time period is assumed to be close to half of what is 
assumed for the first period because of improved operation for a given cell area. This means that the 
assumed stack cost at 2035 produced in a factory with a capacity of 250,000 m2 of cells per year is 
1/16th of what a stack with the same power output costs in 2015 given the smallest production 
volume. It should be highlighted here that other factors could improve the economy even further, 
such as increased stack unit size [2,3].  
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Table 3: Cost of a SOEC stack per power output for a given production volume using predicted stack properties at given time 
periods. 

 
 
SOEC system equipment cost 
 
A SOEC system is composed of number of components other than the SOEC stack itself. These 
include electronics, piping, heat exchangers, blowers and pumps. The cost of these balance of plant 
(BoP) components depends heavily on the size of the given electrolysis plant, however, since they 
are based on well-established technologies we do not expect as significant improvements in 
operation as for the SOEC stack over time. 
 
The basis for our BoP components cost is from the publication “Syngas production via high-
temperature steam/CO2 co-electrolysis: an economic assessment” by Fu et al. [8] The BoP costs are 
then evaluated for a range of SOEC system capacities using a standard economy of scale relation, 
 

 𝐶𝐶𝑖𝑖
𝐶𝐶𝑗𝑗

= �𝑃𝑃𝑖𝑖
𝑃𝑃𝑗𝑗
�
𝑠𝑠

 , 𝑎𝑎 = 0.7, (2) 

where Pi and Pj are the rated power values of electrolysis plants i and j, respectively. Ci and Cj are 
similarly the cost of the given components for plants i and j. The proportionality factor a is set to 
0.7 in accordance with the report “Technology data for advanced bioenergy fuels” [9]. In our 
analysis we will assume electrolysis plants with rated power ranging from 10-100 MW. Note, that 
the base case for which the BOP component cost was evaluated is ~2 MW. The further one moves 
away from this the more uncertain the estimate becomes. The here applied scaling law is probably 
somewhat “aggressive” on some of the cost components (e.g. heat exchangers) but conservative on 
others (e.g. compressor).       
 
  

 Cost of SOEC stack [$/kW] 
Production volume [m2/year] 2015-2017 2018-2020 2021-2025 2026-2035 
1,250 764 564 492 426 
2,500 430 317 277 239 
6,250 201 148 129 112 
12,500 148 109 96 82 
25,000 120 88 76 66 
62,500 109 80 71 60 
125,000 100 74 65 56 
250,000 96 71 62 54 
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Table 4: Cost of balance of plant components for a SOEC system. Costs for a pump, splitters, mixers and separators is included 
under “other BoP”. 

 Cost of SOEC BoP [$/kW] 
Plant size [MW] 0.01 0.1 1 10 100 
HX 104 52 26 13 7 
Rectifier 723 362 182 91 46 
Compressor 193 97 49 24 12 
Other BoP 69 35 17 9 4 
Total equipment 1089 546 274 137 69 

 

It should be noted that for the smaller range of SOEC plants the cost of BoP components could be 
brought down with a modular design of the whole system and mass production and could be an 
interesting topic for further study. 
 
 
SOEC production volume 
 
To assume a production cost of an electrolysis plant by time, a production volume of SOEC stacks 
has to be assumed, as well as a size of a single plant. The production volume numbers assumed in 
this analysis are based on modelling work done by Mathiesen et al. [10] and Energinet.dk [11], 
where the need for electrolysis in Denmark and Germany is estimated. It is assumed here that 
SOEC plants will enter the market shortly before 2020 with a small demand, mainly from 
demonstration projects as well as some niche applications. The assumed production volume in 2020 
is therefore small (1,250-2,500 m2/year) and the assumed average plant size is 1 MW. In 2030 and 
2050 the need for electrolysis in Denmark is assumed to be around 300 MW and between 3-7 GW, 
respectively. The need for electrolysis in Germany is estimated to be approximately 10 times larger 
than the need in Denmark. It is therefore assumed that a production facility for northern Europe will 
produce no less than 25,000 m2/year in 2030 (corresponding to ~300 MW/year) and 
250,000 m2/year in 2050 (3 GW/year). It is assumed that the average size of an electrolysis plant 
will go up in time to bring cost down (assuming economy of scale rather than numbers as 
previously discussed). The estimated cost of SOEC plant in 2020, 2030 and 2050 is presented in 
Table 4. The table includes an estimate of; equipment cost, which includes the SOEC stack cost, 
BoP cost, as well as piping and electronics, ab factory cost, which includes the equipment cost and 
a 50% mark-up and finally a turnkey price which includes the ab factory cost as well as all the cost 
associated with building and preparing the plant for operation.  The detailed assumptions regarding 
the factor between the “turnkey price” and the “Ab factory” can be found in Ref. [12] – the factor 
includes a grid connection cost of 0.05 k€/kW and a 60% mark-up to account for land, buildings, 
instrumentation, engineering, contingency, construction etc. Coming from the stack + BOP cost to 
the ab factory cost a 50% mark-up was assumed to account for assembly, profit etc.  
 
It should be noted that there is a significant uncertainty associated with the numbers in Table 8. The 
cost of the SOEC per m2 seems well based on thorough analyses available in literature (c.f. Figure 
1) considering the specific material costs, specific manufacturing routes and realistic assumptions 
on operation parameters (c.f. Table 2) and annual production volumes (see text above). The BOP 
cost estimate is more uncertain and only well described for plants in the 2 MW scale and for larger 
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and smaller plants it is based on an assumed scaling law. It is noteworthy however that the Stack 
cost only accounts for ~25% of the equipment cost (2050) and ~10% of the total turnkey price.  
 
The numbers presented in Table 8 are with respect to the 2030 and 2050 estimates in line with our 
previous assessment [1] albeit a little higher. In the Mathiesen report [1] total prices of ~400 $/kW 
and 320 $/kW were estimated for 2030 and 2050, respectively, compared to the 610 and 470 arrived 
at here. The starting point of the analyses has been the same SOEC stack costs in both studies but 
here a slightly more conservative estimate is made on the BOP cost (~75% of total equipment rather 
than 50% of total), which after the mark up to “ab factory” and “turnkey” costs accounts for the 
differences. The differences between these two estimates are indicative of the uncertainty of these 
assessments.  
 
Table 5: Shows, equipment cost, ab factory cost and turnkey price for SOEC plants in 2020, 2030 and 2050. 

 SOEC plant cost [$/kW] 
Year 2020 2030 2050 
Plant size [MW] 1 15 50 
Stack cost 448 52 43 
Equip. cost (stacks + BOP) 1060 230 170 
Ab factory cost 1590 340 250 
Turnkey price 2640 610 470 

 
The turnkey price for an air capture/SOEC based methane-production plant was investigated in 
detail in 2015 [13]. The cost assessment was based on a 0.7 MW SOEC unit. The plant turnkey 
price was 2781 k€, corresponding to 4236 $/kW of which 36% of the turnkey price was ascribed to 
the air capture part of plant. Thus, without the air capture part the turnkey price is 2711 $/kW, i.e. 
relatively close to the 2640 $/kW turnkey price for 2020 given in Table 8. 
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