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Abstract
The use of imported soybean/soybean meal is criticized in the context of the sustainabil-
ity discussion in Germany. Imported soybean is often associated with deforestation and 
genetic modification, which is largely viewed critically by consumers. This study aims to 
forecast changes in future demand for imported soybean/soybean meal and its possible sub-
stitutes in the German livestock industry. The two-round Delphi method was used in the 
study by sending questionnaires to 28 experts from four groups: food retailers, livestock 
associations, animal nutrition manufacturers and research institutes. Our main result is that 
the total use of soybeans in German livestock farming will decrease from almost 4 million 
tons of soybean equivalents in 2018/19 to approximately 3.4 million tons by 2030/31. In 
contrast, the share of non-GM soybean is forecast to increase from 26 to 53%. Factors that 
influence the increased use of non-GM protein feeds most are “specifications from down-
stream processors” and “demand from the feed industry.” Experts forecast that about 36% 
of imported soybean/soybean meal (from non-EU countries) for German livestock farming 
could be replaced by protein feed produced in the EU. Rapeseed was considered to have a 
particularly high potential for production in the EU, followed by soybean and sunflower. 
Experts considered the factors: “requirements by the food retailers,” “reasonable price,” 
“political regulation” and “better profitability for the producer” as the most influential for 
extended use of regional protein feeds.
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1 Introduction

The ban on using meat and bone meal in animal feed due to the BSE (bovine spongiform 
encephalopathy) crisis in 2000, was a turning point for the worldwide protein feed indus-
try (Klohn, 2002). Since then soybeans have become the main source of protein in animal 
nutrition due to their high nutritional value and low production costs (Asbridge, 1995; Gar-
ret & Rausch, 2016; Jia et al., 2020). They can be used for many applications in the food 
and feed industry. About 87% of the global soybean output is processed into soybean oil 
and soybean meal, 6% is used for human consumption (e.g., tofu, soy milk, soy sauce, tem-
peh) and a further 7% is utilized as whole-bean animal feed (Fraanje & Garnett, 2020). The 
crushing of soybeans results in soybean oil (share approximately 18%) and soybean meal 
(share approximately 79%) (Oil World, 2019). The latter has become an important source 
of protein in animal feed. Additionally, the increase in global meat and milk consumption 
has led to an increased demand for protein feeds in livestock production. Consequently, 
global soybean acreage has expanded rapidly. In 2018/19, these areas covered approxi-
mately 126 million hectares (Oil World, 2019). In the leading producer countries in South 
America, soybean cultivation promoted economic development, especially in rural areas 
(IDH & IUCN, 2019). At the same time, however, increased negative impacts on the envi-
ronment (e.g., greenhouse gas emissions, biodiversity loss, deforestation) (Ferreira et al., 
2016; Gaitan-Cremaschi et al., 2015; He et al., 2019; IDH & IUCN, 2019; Raucci et al., 
2015; Taherzadeh & Caro, 2019; Zortea et  al., 2018) and elevated social tensions (e.g., 
food insecurity, rural conflicts) (Altenburg, 2007; McKay, 2018) also became evident.

In 2018/19, about 3.1 million tons of soybean meal (equivalent to four million tons 
of soybeans) were used for livestock farming in Germany (BMEL, 2019). The German 
demand for protein feeds, especially soybean meal, is covered almost exclusively by 
imports from Brazil, the USA, and Argentina, which had a share together of 75% of total 
imports of soybean equivalents in Germany in 2018/19. A discussion about imported soy-
beans has raised the questions as to what extend they can be linked to deforestation and 
loss of native vegetation in the Amazon and other areas of South America (Fraanje & Gar-
nett, 2020; Gibbs et al., 2015; Kastens et al., 2017), and to what extent they can be replaced 
by regional feed production (European Commission, 2018b; Jouan et al., 2020; Kuepper 
& Steinweg, 2019). These sustainability problems related to the so-called protein deficit in 
Germany and the high share of imports of domestic demand, led to a political discussion 
in Germany with the goal of reducing imported soybeans and replacing them with regional 
alternatives (BMEL, 2016; BLE, 2018).

Furthermore, most of the imported soybean varieties are genetically modified. In Ger-
many and other member states of the European Union (EU), while GM feed is generally 
allowed, consumer preferences are for products without genetically modified organisms 
(GMOs) (European Commission, 2018a; Jouan et  al., 2020). Historically, the proportion 
of non-GM soybean consumption in livestock farming increased from 15% in 2012/13 to 
about 26% in 2018/19 in Germany (European Commission, 2018a; JRC, 2015).

Therefore, this study analyses future changes in demand for imported GM soybean/soy-
bean meal and possible sustainable substitutes in the German livestock industry. Two alter-
natives are assessed: regionally produced alternatives or non-GM protein feeds. The study 
presents an outlook into future changes of demand in protein feeds from the point of view 
of stakeholders involved in the value chain.

In this study, the terms non-GM protein feeds and regional protein feeds are used in the 
following senses: (1) non-GM protein feeds are either produced locally or imported; and 
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(2) regional protein feeds are protein feeds (e.g., soybean, rapeseed, sunflower, legumes) 
only produced within EU territory, which are all non-GM. The EU and Germany aim to 
reduce external soybean imports by increasing regional protein feed production within the 
EU, which is guaranteed to be non-GM. However, the EU and Germany still have to rely 
on imports of non-GM protein crops. For this reason, it is necessary to study the factors 
affecting the increased use of non-GM protein feeds and regional protein feeds separately 
in order to better understand the supply possibilities leading to a sustainable substitution of 
imported GM soybean/soybean meal in the German livestock industry.

2  Background

Soybean markets are embedded in the oilseed markets, vegetable oil markets, and protein 
feed markets, of which the latter is the focus of this paper. Soybean meal dominates the 
protein feed market due to its high nutritional value and low prices compared to other pro-
tein feeds (Asbridge, 1995). Soybeans are one of the world’s most important arable crops. 
Global soybean cultivation is concentrated in North and South America. Part of the pro-
duction is exported directly and further processed in the importing countries, another part 
is exported in the form of soybean meal (Oil World, 2019). Together, Brazil, Argentina and 
the USA generated 82% of global production in 2018/19 (Oil World, 2019). Cultivation in 
Asia and in temperate European climate zones (especially in Ukraine, Russia, Italy, France) 
is significantly lower than in North and South America, but shows an increasing trend.

The current protein deficit in Germany and the EU is mainly due to the following 
four reasons: intensification of livestock farming, lower competitiveness of protein crops 
in comparison with other crops, European policy promotion of cereal production, and 
increasingly unfavorable climate conditions and pest infestations on protein crops (Euro-
pean Commission, 2018a). Lower production and increasing demand for protein feeds in 
the EU are therefore covered by imports.

After World War II, and before the establishment of the World Trade Organization 
(WTO) in  1995, American countries agreed to specialize in oilseed production while 
Europeans focused on grains as part of the general agreement on tariffs and trade (GATT) 
negotiations. As part of the Dillon round of GATT, which took place in 1960–1961, the 
European Commission reduced its import duties on oilseeds, oilseed products and other 
non-cereal feed ingredients. This gave the US and other exporters duty-free access to the 
European market (European Commission, 2018a). This agreement has had several implica-
tions for the EU agricultural sector, including making soybean imports more competitive 
than other substitutes. As a result, imported soybeans have become an important protein 
source for animal feed. In addition, due to the high demand for soybean, Argentina and 
Brazil have increased their production and have become the main soybean suppliers to 
the EU. In 1992, the US and the EU negotiated the Blair House agreement which limited 
the amount of oilseed area allowed to be subsidized in the EU. The deal favored soybean 
imports. However, since the 2008 European common agricultural policy (CAP) health 
check, special payments for energy crops and the restricting regulations have been abol-
ished. Hence, the Blair House agreement is considered not to be restrictive under the cur-
rent CAP but still remains in force (European Commission, 2018a). Currently, there are no 
restrictions on the cultivation of oilseeds in the EU, but neither are there any import duties 
on oilseeds, so soybeans and soybean meal can be imported duty-free (Kootstra et  al., 
2017).
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After describing the political context and the origins of soybeans, we now analyze the 
question of final use in different animal sectors by employing data on compound feed 
in Germany  (Table  1). Between 2018 and 2021, Germany produced with an average of 
approx. 23.6 million tons compound feed (BMEL, 2022). The demand for compound feed 
is mainly determined by the swine, cattle and poultry sectors. In 2018, more than 50% of 
the production of compound feed for poultry and dairy cow was non-GM, while the share 
of non-GM compound feed for the swine sector was much lower with only 3% (European 
Commission, 2018a). Soybean meal was mainly mixed into poultry feed, particularly 26% 
for broilers and 15% for laying hens. The proportion of soybean meal in dairy cow feed is 
also notably high at 12%, while it was only 9% in swine feed. The latter is subject to great 
uncertainty, with estimates of the soybean meal content in swine feed being between 7.5% 
(WWF, 2014) and 19% (VLOG, 2018).

Commercial compound feed production with non-GM soybeans varies greatly across 
EU countries and livestock sub-sectors. On the one hand, there are two EU Member States, 
namely Hungary and Sweden, which almost exclusively produce compound feed with non-
GM soybeans (JRC, 2015). Both countries are rather small manufacturers of compound 
feed at EU level, but have developed a high level of specialization in the segment of non-
GM feed production. On the other hand, Belgium, the Netherlands, Portugal and Spain, use 
practically no non-GM soybeans in the production of compound feed. These countries are 
relatively large producers of compound feed in the EU (JRC, 2015). For the rest of the EU 
countries, the production of compound feed containing non-GM soybeans is variable and 
depends on the livestock sub-sectors. Non-GM soybean is least used in the production of 
compound feed for the swine sector and most used in the poultry sector (JRC, 2015).

Since the main suppliers of soybeans or soybean meal for the EU countries are in North 
and South America, where the cultivation of GM varieties in agriculture is very high, there 
are concerns about the ability of EU operators to secure demand for non-GM soybean in 
future. In 2018/19, 77% of the soybean area was used for GM varieties (ISAAA, 2018). 
Soybean cultivation in the three main producing countries is dominated by GM varieties: 
In 2018, the proportion of GM varieties was 100% in Argentina, 97% in Brazil and 96% 
in the USA (ISAAA, 2018; USDA, 2019). At the same time, these countries are also the 
main exporters of soybeans or soybean meal. As a result, most soybeans and soybean meal 
traded on world markets are GM varieties. Demand for non-GM soybeans is relatively high 
in the EU compared to other parts of the world. With the increase in local non-GM variety 

Table 1  Industrial compound 
feed production and shares in 
Germany of soybean meal and 
non-GM feed used in livestock 
production by animal species

*Estimation
Source: FEFAC (2022); BMEL (2022); IDH (2016)

Sector/Year Compound feed 
(million tons)

% Soybean 
meal content

% Non-GM feed

2018 2021 2018 2018

Dairy cow 6.5* 6.2* 12 50
Swine 9.5 9 9 3
Broiler 4.1 4 26 60
Laying hen 2.2 2.3 15 70
Others 1.5 1.3 – –
Total 23.8 22.8
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production, these main producing countries have the opportunity to export more soybeans 
or soybean meal to the EU market.

The production and sourcing of protein feeds for the agri-food sector has repeatedly 
raised political debates at German and EU level. As a result of the protein deficit in the 
German livestock industry and the increased demand for regional protein feeds, Germany 
has set itself the goal of reducing its dependency on imports of protein feeds, especially 
soybeans (BMEL, 2016). However, the substitution of imported GM soybeans in the Ger-
man livestock industry is currently limited by diverse influencing factors relating to alter-
native non-GM and regional protein feeds. From an animal nutrition perspective, soybean 
alternative proteins (e.g., broad beans, peas, lupins) can be substituted only in limited 
amounts depending on animal species and growth phase (Bellof et al., 2020). The change 
of feed rations with more soybean alternatives at commercial level requires both scientific 
evidence and demand from the animal nutrition industry (Zerhusen-Blecher et al., 2016). 
Additionally, production of these alternative proteins needs to increase considerably in 
the EU to be competitive with GM soybeans and other imported alternatives (Zimmer & 
Böttcher, 2021). This will decide whether more protein sources from the EU are used in 
feed rations, and thus imports from outside EU countries, especially from South American 
countries could be reduced to avoid long transport routes and protect the local environment. 
Another alternative is the import of non-GM protein feeds from different destinations such 
as rapeseed/rapeseed meal from Australia or oilseeds/oilseed meal from Ukraine.

An increase in regional soybean cultivation in Germany or within the EU could contrib-
ute to many ecological, economic and social sustainability benefits. These include lower 
GHG emissions (Hortenhuber et  al., 2011; Sasu-Boakye et  al., 2014) and better social 
standards (Garret & Rausch, 2016; Sojafördering, 2023). The biological nitrogen fixa-
tion ability of soybeans could reduce the use of fertilizers and can be used in crop rotation 
which revitalizes the soil and solves crop rotation problems (Watson et al., 2017). In addi-
tion, soybean cultivation is profitable for many farmers in different regions of Germany 
and the EU (Zimmer & Böttcher, 2021). However, as Germany/the EU need to produce 
more oilseeds this comes at the cost of lower grain production. This grain has then to be 
imported from elsewhere. The associated global land-use changes could indeed be detri-
mental (Freund et al., 2023).

Several studies have looked at the ability of the EU to produce regional protein feeds 
and the possibility of substituting its GM soybean imports. The European Commissions 
(2018a) reviewed the supply and demand situation for protein feeds, such as rapeseed, sun-
flower seeds or legumes. It shows that in 2016/17 almost 95% of soybeans were imported 
for food and feed industry. This is mainly due to the lower competitiveness of regional pro-
tein crops compared with imported GM soybeans. To this end, the EU has proposed poli-
cies to support the production of regional protein crops through the CAP in order to boost 
its regional production and reduce future imports. Jouan et al. (2020) studied the cultiva-
tion of legumes as a substitute for external imports in animal husbandry in France. It was 
discovered that although support for regional protein crop production increased, the level 
of self-sufficiency could not be raised sufficiently. Another factor is that regional legumes 
in feed rations are of low quantity and quality compared to imported protein feeds which 
do not meet the requirements for animal feeds, especially in swine nutrition. Another study 
on market structure of regional legume production in Germany by Sepngang et al. (2018) 
found that the market is non-transparent and fragmented, which constitutes a major bar-
rier for increasing production. Zerhusen-Blecher et  al. (2016) have studied influencing 
factors on the use of regional proteins feed identified by experts from animal feed pro-
duction companies. The results showed that the availability of regional protein feeds and 
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the willingness to change to feed rations with more regional protein feeds were important 
factors in increasing regional production. While Zimmer and Böttcher (2021) studied the 
feasibility of growing soybeans in the EU to increase self-sufficiency, they found that in 
southern Germany climate and market conditions promoted long-term soybean cultivation, 
but that this is difficult in the northern region. The above studies clearly showed that the 
European protein crop production is not sufficient to cover growing demand. Imported GM 
soybean substitution with regional protein feeds produced in the EU is to some extent pos-
sible because of a variety of market and climatic factors. However, there is still a lack of 
long-term studies on how much imported GM soybeans could be substituted with regional 
protein feeds and other alternatives as well as which factors will contribute to sustaining 
such reductions in future. In order to achieve a better balance in the supply and demand of 
protein feeds, this study provides a model case for studying the future substitution of GM 
soybean imports from outside the EU with regional protein feeds. In addition, influencing 
factors contributing to this development will be identified through opinions from a panel of 
experts from different groups directly involved in the livestock industry. This study could 
be a guideline for other EU member states or other countries who need to reduce their 
long-term sustainable GM soybean imports.

3  Methodology

3.1  The Delphi method

Dalkey and Helmer (1969) define the Delphi method as a technique for collecting and 
refining group judgments on subjects where detailed information or knowledge is lacking. 
In addition, it is used to gather different expert opinions and reach a consensus on the dif-
ferent unknown factors (Green et al., 1990). The Delphi method was developed in the USA 
at the end of the 1940s and since the 1970s has also been increasingly used in German 
research.

Its main features are anonymity, iteration, controlled feedback, and statistical group 
response (Rowe et al., 1991). Anonymity is achieved through the use of formal question-
naires in which independent opinions can be freely expressed without being influenced by 
others. Iteration and controlled feedback are performed during the Delphi process. The sur-
vey is conducted in at least two or more rounds so that the experts have the opportunity to 
revise their previous answers. Statistical group response is generated at the end of each 
round, where group judgments can be expressed as means, medians, interquartile ranges, or 
standard deviations based on the numerical ratings of each item. In the course of the study, 
the individual statements are more and more similar to the mean values from all individual 
answers. A consensus is generated and from this relatively reliable forecast, values and 
future scenarios can be created (Vollstädt, 2003). In the final round, the group opinions 
are aggregated and presented as a simple statistical summary. These four basic features 
are seen as the strength of the Delphi study (Linstone & Turoff, 1977) since they minimize 
the biasing effects of dominant individuals, irrelevant communications, and group pressure 
toward conformity.

The Delphi study is used extensively in information management, decision science, risk 
analysis, supply chain management, and related fields to identify, assess and prioritize fac-
tors (Akkermans et al., 2003; Chen et al., 2020; Flostrand et al., 2020; Jäger & Piscicelli, 
2021; Lummus et  al., 2005; Soisontes, 2017). In addition, this method is often used to 
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make forecasts (Culot et al., 2020; Jiang et al., 2017; Kluge, et al., 2020; Markmann et al., 
2013; Melander et  al., 2019; Peppel, et  al., 2022; Roßmann et  al., 2018). In the field of 
agricultural science, Veahthier and Windhorst (2011) applied the Delphi method to fore-
cast future poultry production and its affecting factors. The Delphi technique was used to 
identify sustainability factors in the poultry industry (Soisontes, 2017) and milk produc-
tion systems (Munyaneza et al., 2019). The study on non-regulatory animal health issues 
facing the Irish livestock industries (More et al., 2010) and future agricultural production 
structures within the cross-border region of the Netherlands, North-Rhine Westphalia,and 
Lower Saxony by 2020 (Hop et al., 2014) also used the Delphi method. Detailed informa-
tion and discussion of the Delphi method can be found in Häder (2002), Von der Gracht 
(2012), Soisontes (2017), Flostrand et al. (2020), and Barrios et al. (2021).

It can be concluded that the Delphi technique is best used in fields of study where 
knowledge is limited or where no historical data is available (Gupta & Clarke, 1996). 
However, it should be noted that the Delphi method might be unsuitable for more complex 
issues where the theme cannot be reduced or simplified, and for studies with the key objec-
tive of inspiring reflection and discussions on the theme (Eto, 2003). With the growing 
use of the Delphi method, there has also been a growing impact of the methodology on 
both corporate planning and government policy-making. Because the results are generated 
from judgments it is important that the methodology is used properly and the outcomes are 
interpreted carefully (Story et al., 2001). Since in each succeeding round of questionnaires 
in the Delphi process the range of responses will presumably decrease, maintaining partici-
pant interest in the Delphi study is a challenge (Beech, 1999). Thus, in order to apply the 
Delphi method successfully, the questionnaire design and expert selection process need to 
be done carefully.

3.2  Study design

In this study, the Delphi method was used to identify the possibilities of substituting 
imported GM soybean/soybean meal with non-GM protein feeds or regional protein feeds 
produced in the European Union (EU) in 2030/31. In addition, the use of non-GM and 
regional protein feeds in German livestock farming was forecasted up to 2030/31 and their 
affecting factors identified. The target year 2030/31 represents a long-term development 
and tangible future, i.e., it is not so far in future for it to be unimportant for the respondents 
of the questionnaire and their businesses. But it is far enough into the future that short-
term development should not play a disproportionately large role for the respondents when 
answering the questionnaire.

Figure 1 shows the process of the conducted Delphi study. It consisted of four steps: 
selection of an expert panel, questionnaire design and validation, survey and data analy-
sis. The Delphi study is a group decision mechanism requiring qualified experts who are 
specialists on the issues being researched. Thus, choosing the panel members is a cru-
cial prerequisite for a successful Delphi study (Martino, 1993; Rowe & Wright, 1999; 
Welty, 1972). The experts were identified through browsing organization websites and 
journal databases, as well as recommendations from institutions and other experts. In 
the first step, experts were selected based on the guidelines of Delbecq et  al. (1975) 
and Okoli and Pawlowsky (2004). The variety of relevant expert groups involved in 
the supply chain is necessary to combine knowledge representing all relevant perspec-
tives (Gill et  al., 2013; Rowe & Wright, 2001). The experts’ professional experiences 
in the German livestock industry include publications in the field, project references, 
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conference participation, or years of experience in academia, government, NGOs, or the 
private sector. The literature is divided on the issue of the optimal size of a Delphi panel 
(Linstone & Turoff, 1977; Williams & Webb, 1994). Adler and Ziglio (1996) suggest 
20–30 participants for each issue. The reliability of group responses can be increased by 
a higher number of participants (Dalkey et al., 1972).

A literature review and expert recommendations were carried out for questionnaire 
design and validation. The results discussed the possibility of substituting imported GM 
soybean/soybean meal with non-GM and regional protein feeds for livestock farming 
in Germany. As recommended by Belton et  al. (2019) and Frewer et  al. (2011), this 
investigation focused on peer-reviewed articles, books, magazines, conference papers, 
and reports published in English and German. The factors related to the use of non-GM 
and regional protein feeds for livestock production in Germany were considered when 
creating the Delphi questionnaire. Copies of this questionnaire were distributed to seven 
experts as a pre-test to validate the composition and structure of the questionnaire and 
the comprehensibility of the individual questions. Necessary adjustments were made 
based on their comments, and a final version of the Delphi questionnaire was developed. 
This was followed by two rounds of surveys, in which the questionnaire was sent to the 
experts by e-mail. An evaluation took place after the first round (R1), and in the second 
round (R2) of the survey, the experts were given feedback on the results of R1 in the 
form of statistical mean values. The final results were analyzed after the end of R2.

This study was conducted over a period of six weeks from September to November 
2020, with the individual survey rounds lasting 15 days each. R1 was sent to 28 partici-
pants. They were asked to: (a) forecast the share of non-GM protein feeds required by 
livestock farming in Germany by 2030/31; (b) project the total demand of soybeans for 
livestock farming in Germany by 2030/31 with the share of non-GM variety; (c) suggest 
and rate the level of influence of factors affecting the increased use of non-GM protein 
feeds in Germany by 2030/31; (d) estimate the long-term possibilities for Germany to 
substitute imported GM soybean/soybean meal with regional protein feeds by 2030/31; 
(e) rank the most promising substitutes produced in the EU by 2030/31; and (f) suggest 
and rate the level of influence of factors affecting the increased use of regional pro-
tein feeds in Germany by 2030/31. Table 2 shows the description of influencing factors 
and how they might affect the increased use of non-GM and regional protein feeds in 
Germany.

Fig. 1  The process of the Delphi 
study
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Table 2  Description of influencing factors for the increased use of non-GM and regional protein feeds in 
Germany

Influencing Factors Description

Policy support measures*,** Agricultural policy support measures, e.g., the 
national protein crop strategy, could lead to an 
increasing use of non-GM and regional protein 
feeds

Political regulation* Political regulation to support regional protein feeds 
has a direct impact on the increased use of regional 
protein feeds

Social acceptance*,** Social acceptance plays an important role in the use 
of non-GM and regional protein feeds such as non-
GM soybeans

Better availability*,** More availability of regional protein feeds on the 
EU market, e.g., soybean, rapeseed, grain legumes, 
could increase the use of non-GM and regional 
protein feeds

Reasonable price*,** With a cheaper price for non-GM and regional pro-
tein feeds compared with imported GM products, 
farmers can reduce their production costs for 
livestock production resulting in an increasing use 
of non-GM and regional protein feeds

Expansion of regional protein crop cultivation*,** Greater regional production of protein feeds would 
increase the availability and use of non-GM and 
regional protein feeds

Expansion of the regional value chain*,** Increased cooperation between stakeholders involved 
in the value chain is necessary for the increased 
use of non-GM and regional protein feeds such as 
soybeans

Improvement in breeding (protein crops)* The improvement of plant breeding for regional 
protein crops adapted to local conditions such as 
weather or soil structure, is necessary for the pro-
duction of regional protein feeds

Better profitability for the producer* More profits for the producers who produce regional 
protein feeds could promote regional protein feed 
production and thus increase its use

Improvement in protein quality (e.g., soybean)*,** At present, the protein quality of regional protein 
feeds such as soybeans is still lower than that of 
imported soybeans produced in Brazil. It is there-
fore necessary to improve the protein quality of 
regional feeds in order to increase competitiveness

Changed feeding concepts (e.g., climate-friendly)* Changing in feeding concepts by using regional 
protein feeds to reduce environmental impact, for 
example through lower greenhouse gas emissions, 
could be an important factor for livestock farming 
in future

Demand for deforestation-free by actors in the value 
chain*

Soybean cultivation, particularly in Brazil, has been 
heavily criticized for its impact on local forests. 
The support of the actors in the value chain for 
deforestation-free, e.g., protein feed production 
within the EU could therefore increase the use of 
regional protein feeds

Expansion of labels such as VLOG (Non-GMO 
Food Association)*

The development of more labels for regional products 
such as VLOG can promote the use of regional 
protein feeds
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The respondents were asked to state volumes and shares freely. The rating questions 
used a 5-point Likert scale rating system, which is based on Vagias (2006): 1 = not at 
all, 2 = slightly, 3 = moderate, 4 = strong/high, and 5 = particularly strong/particularly 
high. For each factor, mean values (MV) and standard deviations (SD) were calculated. 
R2 was based on the responses from R1giving the respondents the chance to revise 
their answers given in R1. In this study, MV were used to identify the level of potential 
or influence. They were selected in order to include all opinions regarding the purpose 
of the Delphi method. Based on the definition of the five-point Likert scale used in this 
Delphi study, the MV is interpreted following the guidelines of Wrench (2013) and 
Soisontes (2017): 1.00–1.80 = not at all, 1.81–2.60 = slightly, 2.61–3.40 = moderate, 
3.41–4.20 = strong/high, and 4.21–5.00 = particularly strong/particularly high.

There is variation in measuring consensus for the Delphi method depending on the 
purpose of each study (Barrios et  al., 2021; Boulkedid et  al., 2011; von der Gracht 
et  al., 2012). This Delphi study evaluated the change in MV and SD between R1 
and R2 to measure consensus for quantitative forecasting numbers based on Veauth-
ier and Windhorst (2011). In addition, SD values were used to measure the level of 
consensus among expert panels in identifying factors or issues in this Delphi study 
based on Grobbelaar (2007), Giannarou and Zervas (2014), and Soisontes (2017): 
0.00 ≤ SD < 1.00 = high level, 1.00 ≤ SD < 1.50 = reasonable and SD ≥ 1.50 = no 
consensus.

Table 2  (continued)

Influencing Factors Description

Requirements by the food retailers* Food retailers are increasingly focusing on the mar-
keting of regional and non-GM products and are 
using the “Ohne Gentechnik (without GMO)” label 
on many of their own products, especially eggs, 
meat and dairy products. The food retailer therefore 
has an influence on the use of regional protein feeds

Demand from the feed industry** The animal feed industry plays a central role in 
animal production. Its demand for non-GM protein 
feeds for animal production has a direct impact on 
the increased use of non-GM protein feeds

Better certainty of origin** Better traceability of non-GM soybean products can 
ensure consumer confidence in non-GM protein 
feeds

Positive image** Non-GM products have a relatively positive image, 
particularly in the EU, which could influence the 
increased use of non-GM protein feeds

Specifications from downstream processors (e.g., 
dairy factories, food retailers)**

The demand for non-GM products, particularly from 
dairy and food retailers, has a direct impact on the 
increased use of non-GM protein feeds for livestock 
production

Adjustment of the legal framework for non-GM 
labeling**

Adjusting the legal framework for “Ohne Gentechnik 
(Without GMO)” labeling in favor of the manu-
facturer could increase the use of non-GM protein 
feeds

*Influencing factors for regional protein feeds, **Influencing factors for non-GM protein feeds
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3.3  Composition of the Delphi panel

A total of 28 experts were invited to participate in this study, 27 experts agreed to partici-
pate in the first round. Of these 27 experts, one person was no longer willing to participate 
in the second round of the survey due to time constraints during the survey. In Delphi stud-
ies, it is quite common for the number of participants to decrease from round to round. 
However, a number of 26 experts is considered sufficient for the achievement of relevant 
results due to the nature of the subject of investigation.

The Delphi panel consisted of the following four expert groups: food retailers, livestock 
associations, animal nutrition manufacturers, and research institutes with the composition 
as presented in Table 3. The response rate of this Delphi study was over 96% in both survey 
rounds.

4  Results

4.1  Use of non‑GM protein feeds for livestock farming in Germany

4.1.1  Forecast of the use of non‑GM protein feeds required by German livestock 
farming by 2030/31

In the Delphi study, the experts were asked to estimate the total amount of non-GM protein 
feeds required by German livestock farming by 2030/31. According to the predictions of 
the experts in the second round of the survey, the use of non-GM protein feeds for laying 
hen husbandry will increase from 70% in 2018/19 to 88% in 2030/31 (see Fig.  2). The 
demand for broiler will also rise from 60% and for dairy cattle from 50% in 2018/19 to 80% 
in 2030/31. Although the use of non-GM protein feeds in swine husbandry was only 3% in 
2018/19, an increase to 34% in 2030/31 is projected. In comparison with poultry and cattle, 
the use of non-GM protein feeds is lower in swine production. Important reasons given by 
the experts are cost effectiveness and organizational form in the swine industry.

As expected, the range of answers was reduced in the second round, so that the mini-
mum and maximum values were adjusted to the average. The standard deviation values 
(SD) were also significantly lower than in the first round of the Delphi study. This shows 
that consensus among experts is developed.

Table 3  Response rates across 
the panelists and rounds

Round 1 (R1) Round 2 (R2)

Total questionnaires sent 28 27
Total responses 27 26
Expert groups
Food retailers 4 4
Livestock associations 5 5
Animal nutrition manufacturers 15 15
Research institutes 3 2
Response rate (%) 96.4 96.3
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The Delphi study predicted a decrease in the total use of soybeans in German live-
stock farming: starting from almost 4 million tons of soybean equivalents in 2018/19, 
dropping to around 3.4 million tons in 2030/31. In contrast, the share of non-GM varie-
ties is expected to increase from 26 to 53% (see Fig.  3). Experts stated that the total 
requirement of soybeans depends heavily on how price synthetic amino acids are and 
how much they can be used to reduce the protein content in animal feed. By lowering 
the protein content, regional protein feeds such as rapeseed extraction meal have a high 
potential to be used as a substitute which are also non-GM feed. Another uncertainty 

Fig. 2  Share of non-GM feed in animal ratios based on expert opinions in R1 and R2 of the Delphi study

Fig. 3  Overview of the expert opinions in R1 and R2 of the Delphi study on the total demand of soybeans 
(left) and share of non-GM protein feeds (soybeans) (right)
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regarding the total requirement of protein feeds is the possible enhanced reduction in 
livestock production in Germany in future.

The range of answers decreased in the second round of the survey, which resulted from 
an adjustment of the maximum and minimum values. The SD values were also signifi-
cantly lower, showing increasing consensus.

4.1.2  Factors affecting the increased use of non‑GM protein feeds in Germany 
by 2030/31

Another question in the Delphi study was to identify factors that have a particular influence 
on the long-term increase in the use of non-GM protein feeds in Germany by 2030/31. The 
11 influencing factors regarding the use of non-GM protein feeds in Germany listed in the 
initial surveys are based on a literature review and expert recommendations. An additional 
factor was proposed by the experts in the first round of surveys. A total of 12 factors were 
identified and rated. Table 4 summarizes the R1-/R2-Delphi results and R2 results by stake-
holder groups, including the sample size (N), MV and SD for each factor. Based on the SD 
values in R2, the consensus among experts is achieved.

As shown in Table 4, it can be seen that the experts identified specifications from down-
stream processors (e.g., dairy factories, food retailers) and demand from the feed industry 
as the most influential factors in the increased use of non-GM protein feeds in Germany. 
This clearly shows that the demand for non-GM products, particularly from dairy facto-
ries, food retailers and animal feed industry, has a direct impact on the increased use of 
non-GM protein feeds. Experts identified reasonable price for non-GM protein feeds as a 
strong influencing factor. With a cheaper price for non-GM protein feeds compared with 
imported GM varieties, farmers could reduce their production costs for livestock result-
ing in an increasing use of non-GM protein feeds. Other strong influencing factors include 
social acceptance, positive image and adjustment of the legal framework for non-GM labe-
ling. While the factors: expansion of regional protein cultivation, better availability, policy 
support measures, better certainty of origin, expansion of the regional value chain, and 
improvement of in protein quality, were considered by the experts to have only moderate 
influence on the increased use of non-GM protein feeds in Germany.

As animal nutrition manufacturers and food retailers play an important role in the use 
of non-GM protein feeds for livestock farming in Germany, the Delphi study was also able 
to provide the results identified by these two stakeholder groups in order to see their atti-
tudes on the use of non-GM protein feeds clearer than before. As presented in Table  4, 
animal nutrition manufacturers and food retailers agreed that the factor specifications from 
downstream processors (e.g., dairy factories, food retailers) has a particularly strong influ-
ence on the increased use of non-GM protein feeds in Germany, which corresponds to the 
Delphi result identified by all experts. Food retailers also considered the factor demand 
from the feed industry as a particular strong influence, while animal nutrition manufactur-
ers rated this factor as a strong influence. This confirms that the demand from these two 
stakeholder groups is an important factor for the increased use of non-GM protein feeds in 
the German livestock farming. Non-GM products have a relatively positive image, particu-
larly in the EU as well as the adjustment of legal framework for non-GM labeling in favor 
of the manufacturers and reasonable price for non-GM protein feeds could increase the use 
of non-GM protein feeds. Thus, both expert groups assessed these three factors as a strong 
influence.
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Although the higher social acceptance for non-GM protein feeds and greater expansion 
of regional protein crop cultivation would increase the use of non-GM protein feeds, ani-
mal nutrition manufacturers and food retailers had different opinions on these two factors. 
Here, animal nutrition manufacturers weighted both factors as having a strong influence, 
while food retailers considered them as only having a moderate influence. Their opinions 
were also different for the factors policy support measures, better availability and expan-
sion of the regional value chain which were viewed by animal nutrition manufacturers as 
having a moderate influence, but by food retailers as only having a slight influence. On the 

Table 4  Summary of R1-/R2-Delphi results and R2 results by stakeholder groups for factors affecting the 
increased use of non-GM protein feeds in Germany

Factors R1 R2 (N = 26)

N MV SD MV SD

Total Delphi result
Specifications from downstream processors (e.g., dairy 

factories, food retailers)
27 4.69 0.46 4.85 0.36

Demand from the feed industry 27 3.92 1.07 4.23 0.70
Social acceptance 27 3.54 1.08 3.77 0.89
Reasonable price 27 3.73 1.13 3.73 0.81
Positive image 27 3.46 1.08 3.65 0.73
Adjustment of the legal framework for non-GM labeling 1 4.00 – 3.62 0.96
Expansion of regional protein crop cultivation 27 3.35 1.04 3.35 0.87
Better availability 27 3.35 1.25 3.12 1.05
Policy support measures 27 3.19 1.07 3.00 0.83
Better certainty of origin 27 3.23 1.01 2.92 0.78
Expansion of the regional value chain 27 2.92 1.00 2.88 0.89
Improvement in protein quality 27 2.88 1.19 2.85 0.86

R2-Results by stakeholder groups Animal nutrition 
manufacturers

Food retailers

N = 15 N = 4

MV SD MV SD

Specifications from downstream processors (e.g., dairy facto-
ries, food retailers)

4.80 0.40 5.00 0.00

Demand from the feed industry 4.07 0.68 4.25 0.83
Adjustment of the legal framework for non-GM labeling 3.93 0.93 3.50 0.87
Social acceptance 3.80 0.91 3.25 1.09
Reasonable price 3.67 0.87 4.00 0.71
Positive image 3.60 0.71 4.00 0.71
Expansion of regional protein crop cultivation 3.53 0.88 2.75 0.83
Policy support measures 3.27 0.93 2.50 0.50
Better availability 3.00 0.89 2.25 0.83
Expansion of the regional value chain 2.93 0.99 2.50 0.87
Improvement in protein quality 2.93 0.99 2.75 0.43
Better certainty of origin 2.60 0.80 3.25 0.43
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other hand, food retailers rated the factor better certainty of origin as having more influence 
on the increased use of non-GM protein feeds than the animal nutrition manufacturers.

Overall results clearly show that the demand from dairy factories, food retailers and the 
feed industry post a strong influence on the increased use of non-GM protein feeds in Ger-
man livestock farming.

4.2  Possibilities of substituting imported GM soybean/soybean meal with regional 
protein feeds

4.2.1  Long‑term substitution possibilities by 2030/31

In the Delphi study, the experts were asked to estimate the long-term possibilities of sub-
stituting imported GM soybean/soybean meal with regional protein feed produced in the 
EU by 2030/31. In 2018/19, around 4 million tons of soybean equivalent were used for 
livestock farming in Germany, almost 100% of this amount was imported. Experts predict 
that around 36% of imported soybean/soybean meal (from non-EU countries) for German 
livestock farming can be replaced by regional protein feed produced in the EU by 2030/31 
(see Fig. 4).

The mean values decreased slightly in the second round of surveys. Between 10 and 
90% of substitution were predicted in the first round. However, the range of answers was 
narrowed to 20% and 50% in the second round. The standard deviation was also lower in 
the second round, it can be assumed that the consensus of the expert opinions has devel-
oped. Some experts who predicted the higher possible substitution of imported soybean/
soybean meal with regional protein feeds named the following reasons (a) the possibility 
that more synthetic amino acids could also be used in animal feeds and (b) an expected 
reduction in livestock production in Germany in future.

4.2.2  Main potential for regional protein feed produced in the EU by 2030/31

As part of the Delphi study, the potential of regional protein feed produced in the EU was 
estimated up to 2030/31 (Table 5). In addition to the regional protein feeds already speci-
fied, corn gluten feed, insect protein and alfalfa, were named as further protein feeds by the 

Fig. 4  Overview of the expert 
opinions in the  1st (R1) and  2nd 
(R2) round of the Delphi study
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experts in R1 and added to in R2. All SD values were lower than 1.50, which means that 
consensus is achieved. Based on the results of R2, Rapeseed/rapeseed meal was considered 
to have the highest potential for production in the EU, followed by soybean/soybean meal 
and sunflower/sunflower meal (see Table 5).

Replacing imports with regionally grown grain legumes such as peas, broad beans and 
lupins was only rated as having a moderate potential in the long term. Corn gluten feed, 
insect protein and alfalfa were ranked as protein feeds with the lowest potential to be pro-
duced in the EU.

4.2.3  Factors affecting the increased use of regional protein feeds in Germany 
by 2030/31

This Delphi study also identified factors that have an impact on the long-term increase 
in the use of regional protein feeds in Germany by 2030/31. The seven influencing fac-
tors regarding the use of regional protein feeds in Germany listed in the initial surveys 
are based on a literature review and expert recommendations. The seven additional factors 
were proposed by the experts in the first round of surveys. A total of 14 factors were identi-
fied and rated. Table 6 summarizes the R1-/R2-Delphi results and R2 results by stakeholder 
groups, including the sample size (N), MV and SD for each factor. Based on the SD values 
in R2, consensus among experts is achieved.

Based on Table 6, it can be noted that the experts identified requirements by the food 
retailers, reasonable price, political regulation, and better profitability for the producer as 
factors with a particularly strong influence on the increased use of regional protein feeds 
in Germany. This is especially in line with food retailers who are currently focusing on the 
marketing of regional and non-GM products and using non-GM labeling on many of their 
own products such as eggs, meat and dairy products. This campaign has clearly had a direct 
impact on the increased use of regional protein feeds. In addition, political regulations that 
support regional protein feeds and provide more profits for producers could result in an 
enormously positive development in using regional protein feeds for livestock farming.

At present, the protein quality of regional protein feeds such as soybeans is still lower 
than that of imported soybeans produced in Brazil. The improvement of plant breeding 

Table 5  Evaluation of regional 
protein feed with the highest 
potential produced in the EU by 
2030/31

Main regional protein feed produced in the EU R2 (N = 26)

MV SD

Rapeseed/rapeseed meal 4.58 0.63
Soybean/soybean meal 3.96 1.06
Sunflower/sunflower meal 3.65 0.73
Peas 3.31 0.87
Broad beans 3.15 0.77
Dried distillers’ grains with solubles (DDGS) 2.81 0.68
Lupins 2.65 0.83
Wheats 2.62 0.96
Corn gluten feed 2.58 0.88
Insect protein 2.46 1.01
Alfalfa 2.35 0.83



The future of protein feed: a case study of sustainable substitutes…

1 3

for regional protein crops adapted to local conditions such as weather or soil structure is 
necessary for the production of regional protein feeds. The importance of factors’ improve-
ment in protein quality (e.g., soybean) and improvement in breeding were therefore consid-
ered as a strong influence on the increased use of regional protein feeds by experts. Other 
strong influencing factors include changed feeding concepts, better availability, expansion 
of regional protein crop cultivation, policy support measures, expansion of labels such as 

Table 6  Summary of R1-/R2-Delphi results and R2 results by stakeholder groups for factors affecting the 
increased use of regional protein feeds in Germany

Factors R1 R2 (N = 26)

N MV SD MV SD

Total Delphi result
Requirements by the food retailers 1 5.00 – 4.65 0.73
Reasonable price 27 4.30 0.97 4.62 0.84
Political regulation 2 5.00 0.00 4.58 0.63
Better profitability for the producer 1 4.00 – 4.31 0.61
Improvement in protein quality (e.g., soybean) 1 4.00 – 4.00 0.62
Improvement in breeding (protein plants) 27 3.92 0.92 3.92 0.78
Changed feeding concepts (e.g., climate-friendly) 1 5.00 – 3.92 0.87
Better availability 27 3.67 1.09 3.88 0.75
Expansion of regional protein crop cultivation 27 3.96 0.92 3.81 0.83
Policy support measures 27 3.70 1.08 3.77 0.97
Expansion of labels such as VLOG (Non-GMO Food Association) 1 4.00 – 3.58 0.93
Demand for deforestation-free by actors in the value chain 1 4.00 – 3.46 0.89
Expansion of the regional value chain 27 3.30 1.08 3.35 0.87
Social acceptance 27 2.96 0.96 3.19 0.79

R2-Result by stakeholder groups Animal nutrition 
manufacturers

Food retailers

N = 15 N = 4

MV SD MV SD

Political regulation 4.67 0.47 5.00 0.00
Reasonable price 4.60 0.80 5.00 0.00
Requirements by the food retailers 4.60 0.88 4.50 0.50
Better profitability for the producer 4.47 0.62 4.00 0.00
Policy support measures 3.93 0.99 3.00 0.71
Improvement in protein quality (e.g., soybean) 3.93 0.68 4.00 0.71
Changed feeding concepts (e.g., climate-friendly) 3.93 1.06 4.00 0.71
Better availability 3.87 0.88 3.75 0.83
Expansion of regional protein crop cultivation 3.80 0.91 3.25 0.83
Improvement in breeding (protein plants) 3.80 0.83 3.50 0.50
Expansion of labels such as VLOG 3.60 0.95 3.75 1.09
Demand for deforestation-free by actors in the value chain 3.40 1.02 3.25 0.83
Expansion of the regional value chain 3.27 0.68 3.25 0.83
Social acceptance 3.00 0.73 3.50 0.87
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VLOG, and demand for deforestation-free by actors in the value chain, while expansion 
of the regional value chain and social acceptance were only rated as having a moderate 
influence.

We now focus on the result identified by two stakeholder groups, namely animal nutri-
tion manufacturers and food retailers. They both agreed on the factors of political regu-
lation, reasonable prices, and requirements by the food retailers as having a particularly 
strong influence on the increased use of regional protein feeds. This is consistent with the 
results identified by all experts in the Delphi study. The current trends of climate-friendly 
feeding gain importance in the development of feeding concepts for the livestock industry. 
Substituting imported GM feed with regional protein feeds in feed ration in order to reduce 
environmental impacts such as greenhouse gas emissions could be an important factor for 
livestock farming in future. In addition, greater availability of regional protein feeds on the 
EU market, e.g., soybean, grain legumes, and stronger development of labels for regional 
products could also promote the use of regional protein feeds in Germany. Thus, both ani-
mal nutrition manufacturers and food retailers identified the factors changed feeding con-
cepts (e.g., climate-friendly, better availability and expansion of labels such as VLOG as 
strong influences on increasing the use of regional protein feeds. However, both expert 
groups also had different opinions on policy support measures and expansion of regional 
protein feed cultivation. Animal nutrition manufacturers considered that both factors could 
have a strong influence, while food retailers saw them as having only a moderate influence. 
The issue of social acceptance was seen as a strong influence by food retailers but only as 
a moderate influence by animal nutrition manufacturers. This is because food retailers are 
directly affected by consumers purchasing end-products on their shelves. But this not the 
case for animal nutrition manufacturers, as they do not deal directly with consumers, thus 
this factor is rated less influential.

Overall results, should the political regulation and requirements by the food retailers 
support more regional protein feed production so that a better and more continuous avail-
ability of regional protein feeds at a reasonable price is guaranteed, the animal nutrition 
manufacturers can imagine considering regional grain legumes in their compound feed 
recipes on a permanent basis. Stronger market demand for compound feed with regional 
protein feeds can also trigger a corresponding reaction from feed-producing companies 
resulting in an increasing use of regional protein feeds.

5  Discussion

5.1  Using the Delphi method for this study

The main advantage of the Delphi method is that it employs group decision-making tech-
niques by involving experts in the field. It helps to overcome the shortcomings of either 
sole reliance on just one expert’s opinions or on round table discussions that can be biased 
and dominated by opinionated leaders (Soisontes, 2017). The technique guarantees ano-
nymity because responses will never be publicly attributed to each individual. Since the 
interviews are done by e-mail, there is no need to travel during the study, which elimi-
nates the complications of organizing a meeting, reducing the cost of research, and remov-
ing geographic boundaries. The method forces participants to think about possible future 
scenarios and provides respondents with the opportunity to re-evaluate certain points and 
collect further information between the two rounds (Grobbelaar, 2007). This study used 
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the two-round Delphi method as the Delphi results are most accurate after round two and 
become less precise during additional rounds (Dalkey et al., 1970; Soisontes, 2017).

However, the Delphi process requires time for the panelists to respond to the question-
naire between rounds, it is a fairly time-consuming method and it is difficult to convince 
people to answer a questionnaire twice or more often. The questionnaire design and selec-
tion of expert panelists have to be carefully prepared and the researcher needs to be very 
familiar with this method. This Delphi study overcame this disadvantage and achieved a 
response rate of more than 96% in the second round of surveys, which ensured the accu-
racy of the results. A shift in opinion toward the group opinion between Delphi rounds 
confirms the influence of feedback on individual responses and the achievement of con-
sensus in Delphi studies (Barrios et al., 2021; Makkonen et al., 2016). Barrios et al. (2021) 
explain that opinion shift is linked to the feedback given, whereas the sociodemographic 
and professional profile of experts had no significant effect. It is important to note that even 
if the consensus is unlikely, the quality of Delphi results depends on the proper identifica-
tion and selection of qualified experts.

The majority of the experts were from the animal nutrition manufacturers’ group. 
Because of this concerns about bias and self-interest could be raised. However, experts 
working on sustainability were carefully selected based on their experiences from all 
groups and the content in the questionnaires is not directly related to any business ben-
efits. In addition, the overall findings of the study and the comparison between two expert 
groups (animal nutrition manufacturers and food retailers) showed similarities and no sig-
nificant difference. This is consistent with Schmid (1997), Schmid et al. (2001) and Soi-
sontes (2017)’s conclusions that there was no need to have the same number of panelists 
between expert groups since the expert opinions were not affected by the panel size.

The Delphi method is a sound and effective instrument for identifying and forecast-
ing issues and providing potential opportunities for improving sustainability (Blackburn, 
2007). As a result, the findings provide basic information and highlight which factors 
should be taken into further consideration in order to shift protein feed supply toward more 
regional and non-GM feed. However, this study still has limitations. The focus year for the 
study was 2030/31 which represents a long-term development. Consequently, it does not 
consider short-term and unforeseeable factors such as a global economic crisis, wars, price 
peaks, new policies, and laws. These factors could alter the results of the current projec-
tion study and in the case of short-term factors even have higher effects at specific times in 
future.

5.2  Future demand for non‑GM and regional protein feeds in Germany

As some processors and consumers in Germany and the EU tend to prefer more non-GM 
and regional products in future (European Commission, 2018a), the livestock industry has 
to adapt its production systems from the most current use of imported GM feeds, especially 
soybean/soybean meal, to using more non-GM and regional protein feeds.

The Delphi study shows that the consumption of non-GM protein feeds in Germany 
is mainly determined by the poultry sector. It is estimated that more than 60% of poultry 
feed is GM-free, followed by the dairy sector (50%) in 2018/19. Their GM-free shares are 
estimated to increase to 80% by 2030/31. This would be due to shifts in consumer pref-
erences toward more non-GM and regional products in future (European Commission, 
2018a). In addition, the poultry sector in Germany and the EU is mainly vertically inte-
grated, which could lead to a better adaptation of its production to changes in consumer 
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demand (Soisontes, 2017). The poultry sector also encourages the production of non-GM 
feeds in the United Kingdom (UK), Denmark and Ireland (European Commission, 2018).

In 2018/19, about 1.04 million tons of non-GM protein feeds (soybean) (26% of total 
soybean consumption) were consumed by German livestock farming, an increase of 11% 
compared to 2012/13 (JRC, 2015; European Commission, 2018a). This Delphi study pre-
dicts that the required amount of non-GM soybeans will increase to 1.80 million tons or 
53% of total soybean consumption in German livestock farming by 2030/31. This means 
the share of non-GM soybeans will double in the projection year due to the increasing 
consumer demand for non-GM products. To promote the use of non-GM protein feeds in 
German livestock farming, experts identified the factors demand from the feed industry and 
specifications from downstream processors (e.g., dairy factories, food retailers) as particu-
larly strong influencing factors. The first factor was also identified by Zerhusen-Blecher 
et al. (2016). The study by JRC (2015) also shows that the factor specifications from down-
stream processors (e.g., dairy, food retailers) is the most important aspect of the decision 
to use non-GM protein feeds. In particular, the role of food retailers in the non-GM value 
chain is important, as they decide which products are on their shelves. They also oblige 
all actors in the supply chain to adapt their processes to their requirements, which was 
also identified in this Delphi study. The purchase conditions of non-GM protein feeds are 
important factors in the use of non-GM and regional protein feeds in the EU (BLE, 2018; 
Castellaria et  al., 2018; European Commission, 2018a; Venus, et  al., 2018). The supply 
of non-GM soybeans is currently limited on the world market. So far, Brazil has been the 
most important producer (BLE, 2018). Although there are no technical barriers to expand 
non-GM soybean cultivation in Brazil (Peter & Krug, 2016), it must be remembered that 
the long transport route and long processing chain make the separation between GM and 
non-GM product lines complex in practice (BLE, 2018). In addition, the higher costs 
incurred along the supply chain of non-GM goods compared to GM products can also limit 
the demand for non-GM soybeans in the EU and Germany and the supply on the world 
market, especially from Brazil (Peter & Krug, 2016).

The Delphi study also shows that the German imported soybean/soybean meal (from 
non-EU countries) could be replaced by regional protein feed produced in the EU by 
around 36 % by 2030/31. As only German experts and the German demand was consid-
ered, production constraints were rated as having only a moderate influence on the provi-
sion of local protein feed to satisfy the German demand. Hence the experts judged that the 
German demand can be satisfied by local protein feed production. Consequently, an EU 
wide aim to substitute imports by domestic production might result in lower estimates due 
to increased production constraints.

Rapeseed/rapeseed meal is expected to have the highest potential followed by soybeans 
and sunflower seeds produced in the EU as identified by the Delphi panel. However, it 
can be assumed that the production of rapeseed will tend to decline in future in the EU 
and Germany. This is due to restrictions on phosphorus and nitrogen application, which 
are anchored in the new fertilizer and material flow balance regulations in the EU (BLE, 
2018). Also, imported rapeseed is competitive with domestically produced rapeseed as a 
rapid increase in rapeseed imports from non-EU countries to the EU occurred in recent 
years. Imports increased from 0.3 million tons in 2005 to 5.6 million tons in 2019 with the 
main suppliers being Ukraine, Australia and Canada (UN Comtrade, 2022). Contrary to 
this claim, the most recent developments of Russia invading Ukraine, restricts Ukraine’s 
ability to produce and export its agricultural products. In the short-term, destroyed har-
vests, blocked ports, and ongoing fighting hinder production and exports. In the long term, 
mined fields could lead to abandoned land and, consequently, lower production. This is 
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especially pronounced for sunflower seed production which mainly takes place in the mid-
dle, southern and eastern parts of Ukraine but less for rapeseed and soybeans which are 
mostly cultivated in the western and southern parts of Ukraine (State Statistics Service 
of Ukraine, 2022). In addition, it can be assumed that the demand for rapeseed oil will 
increase less than in previous years since the expansion of biofuel production based on 
rapeseed oil has been limited by the European biofuel policy. Consequently, less rapeseed 
meal will be available and the use of rapeseed meal as animal feed might possibly decline.

The experts assessed the cultivation of soybeans in the EU and Germany as having a 
high potential for substituting imports. The study by Zimmer and Böttcher (2021) shows 
that soybean cultivation in southern Germany is competitive with the cultivation of other 
arable crops, while climatic conditions and lack of marketing structures in the northern 
regions currently make them less competitive. Similar to rapeseed, sunflower seeds might 
be an alternative to GM soybeans but their production predominantly takes place in non-
EU countries, i.e., Russia and Ukraine. Consequently, the aim of more non-GM feed might 
result in partial substitution of soybean meal in feed rations but not necessarily with feed 
produced in the area of the EU. Again, in light of the war between Russia and Ukraine, this 
might change and increase sunflower area in the EU as seen in 2022 when the sunflower 
area increased by more than 17% (European Commission, 2022).

The experts assessed the long-term potential of replacing imports with regionally grown 
grain legumes such as peas, broad beans, and lupins as only moderate since there are cur-
rently still limitation on changing feed concepts for livestock farming due to current low 
availability and cost effectiveness (Jouan et  al., 2020; Zerhusen-Blecher et  al., 2016). 
Although corn gluten feed, insect protein and alfalfa are feasible to replace soybean meal 
as an alternative source of protein, experts considered these alternatives as only having low 
potential. This is due to their limitations including cost consideration for corn gluten feed 
(Ash, 1992; Hasha, 2002), anti-nutritional factors for alfalfa (Sen et  al., 1998), and cur-
rently limited technological development for the mass production of insect protein (Moon 
& Lee, 2015; Patra, 2021).

To promote the use of regional protein feeds, the experts identified the factors, improve-
ment in breeding, requirements by the food retailers, reasonable price, and better profit-
ability for the producer as strong to particularly strong. These factors are also confirmed by 
Zerhusen-Blecher et al. (2016), Venus et al. (2018) and Trewern et al. (2021). The experts 
predicted that the expansion of the regional value chain will have a moderate influence on 
the increased use of regional protein feeds. However, this is an important factor in produc-
ing the required amount of regional protein feeds, as shown in the case study of soybeans 
by Zimmer and Böttcher (2021). While the factor improvement in protein quality has a 
strong influence on the increased use of regional protein feeds in this Delphi study, it is 
only of minor importance in the study by Zerhusen-Blecher et al. (2016).

The experts identified the factor political regulation as the most important to increase 
regional protein feeds. This can be interpreted in the following way: few if any economic 
incentives exist to expand regional protein crop production in Germany and the EU and, 
hence, an increase will not occur without political support. In the EU and Germany, poli-
cies and strategies exist to promote the cultivation of protein crops, especially legumes. 
However, these have not yet led to major increases in protein crop cultivation. Within the 
greening policy instruments of the CAP (period 2015–2022), protein crops were eligible to 
fulfill the requirements of ecological focus areas (Haß et al., 2022) which increased their 
areas in Germany (0.2 million ha from 2014 to 2020) and the EU (1.6 million ha from 
2014 to 2020) but the overall share of protein crop area in arable land is still low (in 2020: 
Germany 4.8% and EU 7.5%) (Eurostat, 2022). In the new CAP period (2023–2027), the 
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cultivation of protein crops does not account for the “enhanced conditionality” (the succes-
sor of the greening requirements) in Germany anymore (Haß et al., 2022). Hence, support 
for protein crops within the CAP has only been possible via the agri-environment-climate 
measures in Germany since 2023. The German protein strategy does not have any instru-
ments or policies which actively encourage protein crop production besides the instruments 
of the CAP. The strategy focuses more on supporting research, e.g., breeding programs, 
advertising the benefits of protein crops in the crop rotation, and supporting projects along 
the whole value chain for demonstration purposes (BMEL, 2020).

6  Conclusion

Germany is almost 100% dependent on imports of soybean/soybean meal, mainly from 
North and South American countries, where genetically modified varieties dominate the 
production. In Germany, there is a trend toward non-GM feeding, especially in poultry 
farming and the dairy industry, and a possible trend toward using more regional protein 
feeds. Against this background, this study tries to shed light on the question: How much 
imported soybean could reasonably be substituted by non-GM and regionally produced 
protein feeds in future?

The results of this study are based on the evaluations by several expert groups involved 
in the value chain of the German livestock industry as well as researchers using the two-
round Delphi method. A total of 26 experts took part in both rounds, which consisted of the 
following four expert groups: food retailers, livestock associations, animal nutrition manu-
facturers and research institutes. There was a high overall consensus of the expert opinions 
in this Delphi study. Due to the current “protein deficit” in Germany, this study helps to 
estimate future potential demand for non-GM and regional protein feeds in the German 
livestock industry by 2030/31. Experts predict that around 36% of the imported soybean/
soybean meal (from non-EU countries) can be replaced by regional protein feed produced 
in the EU for German livestock farming. A decrease in the use of soybean is expected 
from almost 4 million tons of soybean equivalents in 2018/19 to around 3.4 million tons by 
2030/31. In contrast, the share of non-GM soybeans is forecast to increase from 26 to 53%. 
An increase in the proportion of non-GM soybean is expected for all types of livestock 
farming.

The experts rate the current existing substitutes, i.e., oilseed meals, as most likely to par-
tially replace imported GM soybean/soybean meal. As these oilseeds are often imported, 
local production might only contribute toward replacing GM soybean meal to a small 
extent. Consequently, locally produced protein crops might continue to play a minor role in 
livestock feed ratios in Germany.

The current substitution of GM soybean meal is driven mainly by the demand side as 
the requirements of processors and retailers need to be fulfilled. The experts also judged 
this to be the case for the future as the factor specifications from downstream processors is 
rated as the most significant. Interestingly, retailers rate social acceptance as having only 
a moderate influence on a further increase in non-GM feedstuff despite a strong demand. 
Consequently, other unknown motives might be the reason for retailers to push in this 
direction which are, however, not identified in this current study.

To what extent the political aim of reducing the “protein deficit” by cultivating local 
protein crops in the EU can be achieved, remains a major challenge and would require 
political interventions such as financial support a) to encourage breeding of higher yielding 
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and climatic adapted varieties; b) to produce protein crops; and c) to strengthen the supply 
chain. Alternatively, a stronger reduction in livestock production in the EU might contrib-
ute to reaching this goal (WBA, 2015). However, economic and ecological consequences 
need to be carefully considered before advocating increased regional protein feed crop pro-
duction, which is beyond the scope of this study and leaves room for further research.
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