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Findings

Swiss dairy products are globally sought after but their production requires
relatively large amounts of process heat, often generated from oil and gas. Low-
carbon electricity- and biomass-based solutions exist but were often regarded as
economically not viable in the past. Therefore, we evaluate the economic
viability of low-carbon technologies for the Swiss dairy industry for scenarios of
low and high fossil fuel prices in Europe, and its sensitivity to emission cost
pathways. Results show a clear cost advantage of heat pumps and biomass

boilers going forward, driven particularly by expected future gas prices.

1. QUESTIONS

Switzerland aims at reaching net zero CO, emissions by 2050, but progress
in the entire food sector has been limited to date—including in the dairy
processing industry, despite the absence of (difficult to abate) methane
emissions and comparatively low process temperatures. Because many think
the supply of cheap gas has come to an end in Europe (cf. Figure 31 in
BloombergNEF’s proprietary report on the German power market (2022),
the section on natural gas in chapter 2.4.2 of IEA’s World Energy Outlook
(2022), and the supplemental information of this article), here we ask
whether it is economically feasible for producers of dairy products in
Switzerland to switch to low-carbon alternatives, given the current energy and
climate policy landscape in the country.

2. METHODS

A techno-economic model was implemented to compare the costs of four
heating technologies relevant for the Swiss dairy sector (cf. Figure 1): gas
boilers, biomass boilers, electric boilers, and electric heat pumps. Other
technological decarbonization options as, e.g., synthetic fuels, carbon capture
and advanced electricity-based options (e.g., reverse osmosis) were not
considered. Hybrid systems were neither considered for the sake of simplicity.
Also, theoretically conceivable co-benefits from cooling were neglected for
heat pumps.

Lifecycle costs were calculated for four cases representative of the Swiss
dairy industry (cf. Figure 1), each being a combination of temperature level
(determined by product type) and operation size (defined by the yearly
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Case (1) (2) (3) 4)
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ture level | (e.g.. cheese, butter) (e.g..cheese, butter) (e.g., UHT milk) (e.g.. milk powder)
;1;“”31 ~375 MWh/a ~50,000 MWh/a  ~50.000 MWh/a  ~100.000 MWh/a
demgid (~0.6 MW, ~640 h/a) (~5.7 MW, 8760 h/a) (~5.7 MW, 8760 h/a) (~11.4 MW, 8760 h/a)
Gas boiler Gas boiler Gas boiler Gas boiler
________ =
Biomass boiler Biomass boiler Biomass boiler I Biomass boiler |
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logy I_El__'__'___' (A S | - N
M|\ Flocmichoir || Elooric boilr |
________ =1
Electric heat pump | | Electric heat pump : Electric heat pump
62 — 64 °C: Separa- 135 — 150 °C: Ultra- 160 —240 °C: Spray
tion of fat from milk high temperature drying for dairy
77 — 75 5C- Pasteuri- treatment of milk powder production
Use of

zation of milk
heat ] Same as for (1)
(examples) 72 — 95 °C: Pasteuri-

zation generally

70 — 95 °C: Clean-
ing of equipment

[ | Fossil fuel-based technology currently used and to be replaced in the future
[ | Low-carbon technology currently used and potentially to be used in the future
\_ _| Low-carbon technology not widely used but potentially to be used in the future

Legend:

Figure 1. Segmentation of the Swiss dairy sector and available technologies by case (examples based on Bylund (2015)
and Liang et al. (2022))

demand for thermal energy). The categorization is based on expert interviews
(cf. Table 3 in the supplemental information for details on the seven
interviews with dairy producers and industry experts from Switzerland) and
information provided by the association of Swiss cheese manufacturers
FROMARTE (2022): (1) small producers consuming ~375 MWh/a of
thermal heat at temperatures below 100°C to produce products like cheese,
yoghurt or butter at varying temperatures; (2) large producers consuming
~50,000 MWh/a below 100°C to produce the same products, or (3) below
150°C to produce ultra-high temperature (UHT) milk; (4) very large
producers consuming ~100,000 MWh/a above 200°C to produce dairy
powder.

The calculated total discounted lifecycle costs are the sum of capital
expenditures (CAPEX), energy expenditures, emissions expenditures, and
operation and maintenance expenditures (O&M), with yearly costs being
discounted to the base year 2023 assuming a uniform discount rate (r) of
7% based on the cost of capital/internal rate of return of three relevant food
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Table 1. Techno-economic assumptions used in the model.

Parameter Unit Technology
Gas Biomass Electric Electric heat
boiler boiler boiler pump
Lifetime a 25 25 25 20
Efficiency - 0.90 0.90 0.98 -
COoP MWh,,/MWh, 2.1(cases1&2)
1.5 (case 3)
CO, intensity tcoo/MWh 0.20 0 0 0
Capital expenditures CHF/kW 55 620 210 345 (cases 2-4)
(CAPEX) 615 (case 1)
Fixed operation CHF/kW/a 20 33.7 1.2 6.5 (cases 2-4)
and maintenance % of CAPEX/a 1.5 (case 1)
expenditures
Variable operation CHF/MWh 1.0 1.1 0.5 -
and maintenance
expenditures
Auxiliary electricity MWh,/MWh,, 0.001 0.023 0.005 -
consumption
Based on Danish Energy Agency Danish Energy Danish Energy Arpagaus (2019),
(2022), Agency (2022) Agency (2022) Arpagaus and
UNFCCC (2021) Bertsch (2020),

Ayou et al. (2022)

processing companies in Switzerland (confidentially obtained), and summed
over a thirty years lifetime (2023-2052) assuming an investment (and
immediate installation) in 2023 (cf. Equation 1). In line with current policies
in Switzerland (and a low CO, footprint of the electricity mix), only gas
boilers are penalized with direct emissions costs. Two different retail energy
price scenarios were considered based on (1) low historic energy prices in
Switzerland between 2012 and 2021 as well as (2) high forecasted energy
prices. Retail energy prices are differentiated according to yearly demand,
with case (1) assuming higher prices than cases (2)-(4) (EAER 2022; EICom
2022). An inflation of 2% is assumed in line with the upper ceiling targeted
by the SNB (2023).

tech

Total discounted lifecycle costs ;. gi.e =

years CAPEX " + ENERGY'e"

oper. size; oper. size;

i=1 1+ 7")171

+ EMISSIONS e

oper. size;

+ O&Mieh (1)

oper. size;

3. FINDINGS

Our findings suggest that changes in energy prices further improved the
economic viability of low-carbon technologies in the Swiss dairy industry
making either heat pumps (case 1) or biomass boilers (cases 2-4) the cheapest

heating technology (cf. Figure 2).

For case (1), gas boilers are cheaper in the low energy price scenario, whereas
for high energy prices heat pumps get most attractive, undercutting gas
boilers by roughly 10%. Due to comparatively high capital expenditures and
a low utilization, biomass boilers are more costly than gas boilers and heat
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Table 2. Assumptions on retail energy prices and carbon prices (incl. VAT).

Parameter Unit Scenario Based on
Historic Forecasted
?12-21 2023 2030 2040 2050
Biomass (assuming CHF/MWh 50 53 61 74 90 Thees et al. (2017),
wood chips) interviews
Electricity CHF/MWh EICom (2022),
Case (1) 180 272 279 321 392 BloombergNEF (2022)
Cases (2)-(4) 137 219 198 223 273
Gas CHF/MWh EAER (2022),
Case (1) 61 542 111 129 277 BloombergNEF (2022)
Cases (2)-(4) 49 451 92 107 231
co, CHF/tco, 129 166 274 452 Hintermann and Zarkovic
(2020),
Pietzcker, Osorio, and
Rodrigues (2021)

Note: Both scenarios (i.e., historic and forecasted) use forecasted CO, prices and the techno-economic assumptions presented in Table 1.

pumps assuming low energy prices. Smaller anticipated price increases for
biomass compared to gas, however, make biomass boilers slightly less costly

for high energy prices.

For cases (2) and (3), biomass boilers are most economical in both energy
price scenarios, followed by heat pumps. The latter are more costly for case
(3) than for (2) as increasing temperatures lead to a lower coefficient of
performance (COP), and consequently a higher electricity demand.

For case (4), biomass boilers are most economically viable in both energy price
scenarios, followed by gas boilers. For high energy prices, electric boilers are
only slightly more expensive than gas. Despite ongoing research, heat pumps

are not commercially available yet for temperatures >200 °C (Liang et al.
2022).

For large producers (cases 2-4), the sum of energy and emissions expenditures
contribute the largest share of total costs—more than 80% irrespective of
the technology. For small producers (case 1), however, energy expenditures
contribute considerably less for biomass boilers and heat pumps. Accordingly,
the age of the current installations is much less important for investment
considerations of large producers. Electric boilers are not competitive in any
of the cases.

The presented findings hold true for changes in energy and emissions prices
(cf. Figure 3): For gas boilers to become cheaper than heat pumps, electricity
prices would need to increase substantially compared to forecasts for
2023-2052—ca. 100 CHF/MWh for small and >100 CHF/MWh for large
producers (cf. Figure 3 A.1-A.3). Similarly, for gas to become cheaper than
biomass boilers for large producers, biomass prices would need to increase by
>100 CHF/MWh (cf. Figure 3 C.1-C.4). CO,, prices contribute a substantial
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Temperature Thermal energy Discounted lifecycle
Case
level demand Costs
Costs [MCHF55;]
20 1 1.8
~375 MWh/a, =0 12
(1) | <100°C ~0.6 MW, |, |
~640 h/a 06
0.5 A
0
Gas boiler Biomass boiler Electric boiler Electric heat pump
Costs [MCHF3,5]
200 1
168
i 150
~50,000 MWh/a, 1501 .
2) <100 °C STMW, )
73
N J
Gas boiler Biomass boiler Electric boiler Electric heat pump
Costs [MCHF 555]
200 -
168
i 150
~50,000 MWh/a, 150 o
3) <150 °C ~STMW, ] _ =
8760 h/a 57 60
N J
1]
Gas boiler Biomass boiler Electric boiler Electric heat pump
Costs [MCHF ;5]
400 -
336
299
~100.000 MWh/a, 300 . 2
2 3
@ | >200°C ~11AMW, | 23
1 ’3 -,
8760 h/a ’ i e 52
S .8
100 4 =B
25
1]
Gas boiler Biomass boiler Electric boiler Electric heat pump

I Capital expenditures

I Operation and maintenance expenditures

Legend:

Energy expenditures based on low historic prices (2012-2021)

B Enersy expenditures based on high forecasted prices (2023-2052)

Emissions expenditures based on forecasted CO, prices

Figure 2. Total discounted costs of the four technologies for low and high energy prices

share for low energy prices (32-41%) but a smaller share for high energy prices
(17-21%). Accordingly, the findings for high energy prices are only marginally
sensitive to falling CO, prices (cf. Figure 3 D.1-D.4).

While our results show that low gas prices can no longer impede the
decarbonization of the Swiss dairy industry from an economic perspective,
individual non-economic hurdles exist according to the interviews conducted:
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Figure 3. Sensitivity analysis: Total discounted costs of the four heat generating technologies for high energy prices

(baseline) as a function of changes to energy and emissions expenditures
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biomass is not always locally available and existing electricity distribution
grids cannot always handle loads associated with electrification. Space needed
for biomass and hot water storages as well as larger heat exchangers are
often not available in historically developed dairy plants. The reliability and
maintenance requirements of biomass boilers and heat pumps are also often
considered inferior to that of gas boilers—a feature particularly important
when handling perishable raw materials like milk. Given the promising
economics of low-carbon technologies for dairy production, however, policy
and industry effort to lower these non-economic hurdles would be desirable.
Overall, the prospects for a decarbonization of Swiss dairy production have
clearly improved, hopefully adding another piece to the food sector
decarbonization puzzle.
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