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An economic model to analyse the costs of meal service provision to home-

dwelling older adults1 

Jørgen Dejgård Jensen, 

Department of Food and Resource Economics 

September 2020 

Abstract 

Various quality aspects are important determinants for home-dwelling senior users’ satisfaction with meal 

service, but cost concerns may hamper the supply of these attributes. With the objective to examine 

municipalities’ additional costs of different initiatives to improve the perceived quality of meal services for 

the home-dwelling seniors, the present study has developed an approach for cost analysis of meal service 

production and delivery. The developed tool may assist in assessing the cost implications of alternative 

changes to the mode of production or delivery of meal services – as well as the distribution of such cost 

implications across municipalities.  

The developed model tool utilizes a mathematical programming approach and adds some features to this 

approach by considering the heterogeneity in customers’ preferences. As municipality-level data for costs 

of meal service provision are not generally available, a substantial effort to calibrate the model has been 

necessary. Therefore, some uncertainty may be attached to model results regarding cost levels in the 

individual municipalities, whereas the uncertainty regarding differences between alternative scenarios is 

considered to be less severe.  

In a demonstration of the model tool, five different types of action to improve the perceived quality of the 

meals have been analysed. The analysis finds that three types of improvement (more diversity in menus, 

less semi-prepared ingredients in the production, more organic ingredients in the production) can be made 

at a fairly low additional cost, and one enhancement (larger flexibility in portion size) can be obtained at a 

moderate extra cost. One type of action (daily delivery of warm meals) is however more costly. The results 

display some variation in the incremental costs across municipalities, with both positive and negative 

covariations between the different types of action in the municipalities. This suggests that cost-effective 

improvement of perceived food quality in municipal meal service will require a municipality-specific 

combination of actions, and that also in the domain of meal service “one size does not fit all”.  

1. Introduction 

Malnutrition is widespread among geriatric patients and underestimated in diagnostic and therapeutic 

procedures (Volkert 2002). Research has shown clear associations between malnutrition and a number of 

other health problems among older adults (Saka et al. 2010, Kvamme et al. 2012, Wu et al. 2014), although 

the direction of causality may sometimes be complex (Gariballa & Sinclair 1998). In view of the potentially 

serious consequences of malnutrition for health and well-being, there is a strong need for appropriate 

                                                            
1 The study is part of the ELDORADO project 'Preventing malnourishment and promoting well-being in the elderly at 
home through personalised cost-effective food and meal supply' supported by grant (4105-00009B) from the 
Innovation Fund Denmark. 
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nutrition management and prevention strategies in these segments of the population. Zhou et al. (2018) 

suggest healthy meal services as one of the powerful tools to reduce the risk of malnutrition, based on a 

systematic review of behavioural interventions to promote healthier eating among older adults.  

There are however some challenges to the effectiveness of meal service as an instrument to prevent 

malnutrition, which need to be taken into consideration by the suppliers. On average, seniors perceive less 

flavour intensity and are less sensitive to changes in the flavour profile of foods (Doets & Kremer 2016), and 

the inter-individual variability in orosensory impairment is increasing with age and with events associated 

with aging (Song et al. 2016, Zanden et al. 2014, Zanden et al. 2015). Zanden et al. (2015) also found 

considerable heterogeneity in older consumers' acceptance and preference for attributes in foods and 

particularly functional (e.g. protein-enriched) foods, and Pelchat and Schaefer (2000) found that older 

individuals had less food cravings than younger counterparts when exposed to a monotonous diet. Kremer 

et al. (2014) demonstrated that liking for the food can be stimulated via visual, flavour and texture 

enrichment. Barton et al. (2000) studied the effect of serving smaller but more energy-dense meals on the 

food intake for older persons in rehabilitation centres and found that such fortified meals could enhance 

the food intake and hence reduce the risk of under- and malnutrition. The mode of meal production and 

delivery may also influence users’ perception and liking (Wikby 2004), and also other aspects of the foods 

may be perceived as relevant by the users. In a study of consumers’ food-related healthiness and 

sustainability perceptions, Verain et al. (2016) identified three segments of consumers: a segment oriented 

towards healthiness attributes, a sustainability conscious segment and an "average" segment. They found 

the synergies between the perceptions of healthiness and sustainability to differ across these segments. To 

some extent, this segmentation may also be carried over to users of meal services (although sustainability 

aspects might be expected to have relatively lower importance to users of meal services for several 

reasons). 

In many countries – including European countries (Pajalic 2013, Denissen et al. 2017) – the provision of 

meal service to older adults at risk of malnutrition is integrated in the public sector welfare system. In 

Denmark, this task is placed at the municipality level, and assigned users can order warm meals to be 

delivered in their home at a guaranteed (and politically determined) maximum price. The user can choose 

between at least two suppliers. In line with the rest of the public sector, the sector for care of the older 

adults – including health care, personal care and meal services - is increasingly under pressure for 

improving the productivity and utilization of resources. In the Danish meal service sector, this has for 

example led to increased centralization and industrialization of meal production, often with one or two 

weekly meal deliveries to home-dwelling seniors. It has also led to more intensive price competition. 

Whereas the provision of meal services has traditionally taken place in municipal production kitchens, 

these kitchens are to an increasing extent being out-competed by private-sector suppliers, which appear to 

be able to operate at a lower cost. 

In the public debate, there is a growing concern for the potential consequences of this strive for higher 

productivity and cost minimization on the quality of the meal services – and subsequently for the users’ 

food intake and nutritional status. On the other hand, it is also widely recognized in the debate that quality 

improvements in meal service come at a cost. However, the costs of such improvements are scantly studied 

in the academic literature. 

Against this backdrop, it has been part of the ELDORADO project to develop an economic model tool to 

examine the cost consequences for municipalities’ of different initiatives to improve the perceived quality 
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of meal services for the home-dwelling older adults. As the availability of data for the purpose of building 

such a model tool has not readily available, a substantial part of this model development has been to 

establish a data foundation for the tool. The purpose of this report is to provide a technical documentation 

of this model tool and its data foundation.  

2. Systems description for the Danish meal service sector 

Basically, meal service consists of two processes: production of meals, and delivery of meals, and each of 

the two sub-processes have implications for the perceived quality of the meal services, and both are 

associated with costs.  

Meal service production and delivery 

In most municipalities, the major share of meal service production takes place in a central kitchen before 

the delivery to the customers. Generally, the production of meals is done on a weekly schedule, where 

meals produced in the kitchen in one week are delivered to the customers in the subsequent week. This 

enables efficient utilization of resources in the kitchens. Production of large batches implies low personnel 

costs per portion and maximum utilization of ingredient inputs. Furthermore, the mode of production 

provides flexibility with regard to timing of the individual sub-processes in the meal production and hence 

better possibility for utilization of the kitchen’s capacity, such as housing, equipment etc.  

Once the meals are prepared, they are packaged, normally in portion-size plastic trays, and placed in a 

cooling room or in a freezer. 

Danish municipalities operate different procedures for delivering meal service to the customers. The 

majority of municipalities deliver a batch of cooled meals to the customers 1-2 times per week, and the 

customers are then supposed to heat the meals in a microwave oven prior to intake. Several municipalities 

offer the possibility to borrow a microwave oven for the purpose. Other municipalities provide daily 

delivery of heated meals to the customers.  

Along with the major meal service suppliers in the municipalities, a number of additional suppliers can also 

offer meal services to customers that are enrolled in a meal service programme. These suppliers’ mode of 

operation may vary quite considerably. In some cases, relatively large firms supply meals prepared in large-

scale production (similar to above). In other cases, smaller food firms – such as a local restaurant or a local 

butcher – may serve a relatively small number of customers with meals that are freshly made, as a side-

flow to their regular operation.  

Table 1 presents some descriptive statistics for meal service provision in Danish municipalities. Denmark 

comprises 98 municipalities, with a considerable variation in municipality size (which is also reflected in a 

substantial variation in the number of meal service customers per municipality. According to data from 

Statistics Denmark, the average number of meal service users was 406 in 2015, with a standard deviation of 

395. Of the 98 municipalities, 61 engaged in meal service production in a municipality-owned kitchen, 

whereas 37 municipalities relied entirely on meal services from private suppliers. On average, private firms 

represented 44 per cent of the municipalities’ meal supply, however with a considerable inter-municipality 

variation (standard deviation of 41 per cent). 
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Table 1. Descriptive statistics 

Number of municipalities 98 

Number of customers per municipality 406 (395) 

Private suppliers’ market share (2015) 44% (41%) 

Cost per main course (€) 9.54 (1.71) 

Share with warm delivery every day (2019) 11% 

Share with organic label (2019) 12% 

Note: Standard deviations in parentheses 

Sources: Statistics Denmark; Danish Ministry of Social Affairs and the Interior; Fritvalgsdatabasen; Municipalities’ homepages 

Political environment surrounding meal service provision 

The provision of services to the older adults has a high political attention in Denmark. The task of elderly 

care is within the responsibility of municipalities. Nevertheless, the national government has taken several 

initiatives in this regard. One example is the provision of national guidelines for meals in public institutions 

(Danish Food Administration 2015). Another example is the general regulation that municipalities are 

requested to cast the supply of meal services into competition with regular time intervals to ensure the 

most favourable balance between price and quality of the service. Furthermore, the municipalities are 

requested to ensure that the individual customer has the choice between meal supplies from at least two 

suppliers. Another example is a central regulation of the customers’ payment for meal services, which sets 

a maximum price that the customer has to pay for a main course, but where the price cannot exceed the 

actual costs of production and delivery of the service. Hence, in cases where the cost exceeds the politically 

determined maximum payment for meal service (54 DKK per main course in 2019) the customer price will 

at most be equal to this maximum payment. If in contrast the cost is lower than the maximum payment, 

the customer price will at most be equal to the calculated cost. 

Because the task of supplying meal service is subject to competition with regular time intervals, there are 

regulations stating that the cost assessment should be adequate and should include all cost items in an 

adequate way. The concept of dietary units has been developed to enable comparison of meal production 

costs across suppliers, which may have different production portfolios (for example with some suppliers 

having relatively large emphasis on hot meals, and other suppliers more on cold meals or full diets). Such 

comparison is relevant in situations, where different suppliers can make bids for covering meal service 

supplies in e.g. a municipality, and where a fair comparison of the bids is necessary. A normal main course 

constitutes 0.375 dietary units, a side dish constitutes 0.125 units, and a full diet – with three main meals 

(breakfast, lunch, supper) and three snack meals – represents 1.6 dietary units. Dividing the total costs with 

the total number of diet units produced, an estimate of the cost per diet unit is obtained. Subsequently, the 

cost per main course can be calculated by multiplying the cost of a dietary unit by the factor 0.375. In 

principle, the calculated cost per main course – and hence the price at which the main supplier can deliver 

the service – can be found in the so-called Fritvalgsdatabasen (n/d). 

This standardization of cost calculations makes it less easy for e.g. municipal kitchens to manipulate the 

terms of competition, e.g. by valuating some of the costs at an artificially low level to achieve a competitive 

advantage compared to private sector competitors in case of public elicitation of the task). 
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3. Model framework and structure 

Cost estimates for meal service production generally takes departure in an assessment of the total costs 

and an estimation of the total number of produced dietary units (which is an aggregation of main courses, 

side dishes, cold lunches, full diet, etc.). The total costs are distributed on direct costs (ingredients, salaries, 

various other personnel related expenses, cleaning, electricity, directly allocable housing and administrative 

costs) and indirect costs (rent, taxes, insurance, heating, contribution to central functions and other 

overheads).  

Based on publicly available data for the Danish municipalities and their meal services, supplemented with 

more detailed data collected from a selection of (five) municipal production kitchens, an economic cost 

optimization model was developed for the purpose. Taking the heterogeneity among users into account, 

the model determines the cost-minimizing meal production and delivery scheme for given specifications 

regarding production methods, ingredient sourcing, composition of menus, menu variation and frequency 

of delivery for each municipality in Denmark.  

The quantitative analysis applies a cost minimization approach (mathematical programming), based on the 

rationale that providers of meal services are supplying a given number of meals compliant with given 

requirements to nutritional quality, diversity in menus, offers to customers with special needs, etc., and 

that they strive to do this as the lowest possible cost. Thus, the mathematical programming approach 

simulates the operation of a production management under this assumption. Extra constraints on the meal 

services, e.g. in the form of certain quality specifications, will hamper the providers’ flexibility to minimize 

the costs and will hence likely lead to increased costs. This implies that the cost of a given constraint can be 

estimated as the difference between the minimized cost with and without this constraint, respectively. 

The mathematical programming model comprises an objective function to be minimized and a set of 

constraints that should be taken into account. The specific model is summarized in Text box 1.  

min𝐷 ∑ 𝐶𝑖𝑛𝑔𝑟𝑑
𝑚 + 𝐶𝑜𝑡ℎ_𝑚𝑎𝑡

𝑚 + 𝐶𝑒𝑛𝑒𝑟𝑔𝑦
𝑚 + 𝐶𝑝𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙

𝑚 + 𝐶𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝑚 + 𝐶𝑡𝑟𝑎𝑛𝑠𝑝

𝑚
𝑚   ; 𝑚 ~ 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑖𝑒𝑠  

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜  

𝐶𝑖𝑛𝑔𝑟𝑑
𝑚 = ∑ 𝑝𝑖

𝑞
∙ 𝑣𝑖

𝑞
∙ ∑ 𝑏𝑖𝑗 ∙ 𝑠𝑗 ∙ 𝐷𝑗𝑗𝑖   ; 𝑖 ~𝑖𝑛𝑔𝑟𝑒𝑑𝑖𝑒𝑛𝑡𝑠, 𝑗 ~ 𝑑𝑖𝑠ℎ𝑒𝑠  

𝐶𝑜𝑡ℎ_𝑚𝑎𝑡
𝑚 = 𝑐𝑜𝑡ℎ_𝑚𝑎𝑡 ∙ ∑ 𝐷𝑗𝑗   

𝐶𝑒𝑛𝑒𝑟𝑔𝑦
𝑚 =  

𝐶𝑝𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙
𝑚 = 𝑤 ∙ (𝐿0 ∙ ∑ 𝐷𝑗𝑗 + ∑ 𝑣𝑖

𝑞
∙ 𝐿𝑖

𝑞
∙ ∑ 𝑏𝑖𝑗 ∙ 𝑠𝑗 ∙ 𝐷𝑗𝑗𝑖 )  

𝐶𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝑚 = 𝑐𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∙ ∑ 𝐷𝑗𝑗   

𝐶𝑡𝑟𝑎𝑛𝑠𝑝
𝑚 = 0.9735 + 0.2529 ∙ 𝑘𝑚 − 0.1317 ∙

𝑄𝑚

𝑄̅
+ 2.7934 ∙ 𝑍𝑚  

𝐷𝑗  meets customers demand for dishes 

𝐷𝑗  satisfy policy requirements to the dishes 

Text box 1. Mathematical programming model 
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Objective function of the mathematical programming model 

The objective function in the present study is the sum of production costs (ingredients, other materials, 

energy, personnel and capacity) and delivery costs across municipalities. These different components of the 

costs depend on the production plan in different ways.  

The ingredient cost depends on the number of different dishes delivered 𝐷𝑗, the recipes (where the 

parameters 𝑏𝑖𝑗 represent the amount of ingredient 𝑖 per portion of dish 𝑗), the proportions 𝑣𝑖
𝑞

 of different 

ingredient qualities 𝑞 selected (standard, organic, premium, semi-prepared), the portion sizes 𝑠𝑗 and the 

prices of ingredients at different qualities, 𝑝𝑖
𝑞

.  

Likewise, personnel costs are assumed to depend on the composition of ingredients and the quality of the 

ingredients (mainly because semi-prepared ingredients require less preparation time for peeling, cutting, 

slicing etc., than raw ingredients). However, the personnel cost also includes a fixed component, 𝐿0, which 

represents the share of personnel costs that are not directly related to the quality of the individual 

ingredients, but nevertheless takes time, such as cooking, stirring, baking, packaging, storing in cooling 

facility etc. 

Costs for other materials (plastic boxes etc.), as well as capacity costs (housing, equipment, administration) 

are assumed to depend directly on the number of portions produced, whereas energy costs are assumed to 

depend on the volume of food produced (represented by the kg of ingredients used in the production).  

Delivery costs are assumed to depend on the number of deliveries per week and on the population density 

in the municipality. In particular, the delivery cost in euros per main dish serving 𝐶𝑡𝑟𝑎𝑛𝑠𝑝 is modelled with 

the equation (based on a regression analysis of cost data from Fritvalgsdatabasen n/d) 

𝐶𝑡𝑟𝑎𝑛𝑠𝑝
𝑚 = 0.9735 + 0.2529 ∙ 𝑘𝑚 − 0.1317 ∙

𝑄𝑚

𝑄̅
+ 2.7934 ∙ 𝑍𝑚 

Where 𝑘𝑚 is the (policy-determined) number of deliveries per week (which is municipality specific), 𝑄𝑚 

and 𝑄̅ represent the municipality-specific and average density of potential customers per km2. These 

parameters are shown in Appendix D. The parameter 𝑍𝑚 is a 0-1 dummy variable (=1 for municipalities 

with high density of meal service customers).  

Constraints given by customers’ demand 

The above cost function is minimized subject to constraints given by the customers’ demand for meal 

services, and possible quality policies implemented in the municipalities. 

Heterogeneity in the demand for meal service is modelled by distinguishing 10 types of customers, each 

with different preferences for meal service characteristics: 1) “traditional” users with relatively high 

preference for traditional Danish meat/fish and potato dishes, 2) “modern” users with preference for less 

traditional dishes and fewer potatoes, 3) “no meat” users who do not consume meat dishes (but are 

positive to seafood), 4) “no pork” users, 5) “no seafood” users, 6) “vegetarian” users, 7) “vegan” users, 8) 

users on “low-fat” diets, 9) users on extraordinary “energy-dense” diets, and 10) “dysphagic” users.  This 

typology is assumed to represent the heterogeneity in the users’ overall food preferences2.  

                                                            
2 This is of a simplification of the heterogeneity in customers’ demand for meal service attributes. For example, a 
dysphagic customer can also have a preference of other meal characteristics, such as non-meat or traditional dishes. 
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The customer types’ preferences for these characteristics are represented as minimum and maximum 

requirements (given by the vectors 𝛽𝑚𝑖𝑛
ℎ  and 𝛽𝑚𝑎𝑥

ℎ , respectively) to the share of portions with the 

attributes:  “traditional”, “meat”, pork”, “seafood”, “potatoes”, “vegetarian”, “vegan”, “low-fat”, “energy-

dense” or “dysphagia-adequate”. Formally, this is stated 

 𝛽𝑚𝑖𝑛
ℎ ∙ 𝑑ℎ ≤ ∑ 𝛽𝑗 ∙ 𝑑𝑗

ℎ
𝑗∈𝐴 ≤ 𝛽𝑚𝑎𝑥

ℎ ∙ 𝑑ℎ  

in the model, where 𝑑𝑗
ℎ is the number of dish 𝑗 delivered to customer type ℎ (where ∑ 𝑑𝑗

ℎ
𝑗 = 𝑑ℎ), and 𝛽𝑗  is 

a vector of binary variables indicating whether dish 𝑗 comprises the respective attributes or not. The meal 

service provider is assumed to deliver according to these requirements for all customer types.  

The demand scheme also incorporates customers’ demand for diversity in the meals offered. In particular, 

it is assumed in the baseline that one dish cannot represent more than 1 𝑛⁄  of the portions received within 

a given period (where 𝑛 is assumed to be 10 for each customer type). The meal service provider will have to 

satisfy the requirements from all 10 types of customers in each municipality (Table 2).  

Each municipality was assumed to exhibit a combination of these 10 customer types in their meal service 

clientele. The municipality-level distribution was estimated on the basis of municipality-level population 

data from Statistics Denmark and region-level household panel purchase data from the GfK Consumerscan 

Scandinavia panel. The assumed distribution of users in the different municipalities is displayed in Appendix 

B. 

The core of the meal service is the main course. However, some dishes also require a side dish (e.g. 

potatoes, salad, cooked vegetables with the main course), and some customers even demand soups, 

desserts or snacks. In the present analysis, the number of side dishes is assumed to be proportional to the 

number of main courses requiring these side dishes, whereas the number of soups, desserts or snacks 

(which often constitute essential parts of the total dietary energy intake for customers with low appetite) is 

assumed to be proportional to the total number of main courses delivered. Delivery costs are connected to 

the number of main course deliveries only. 
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Table 2. Characteristics of customer segments       
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% customers (mean) 55.9% 3.6% 5.3% 2.1% 2.4% 1.8% 2.9% 15.0% 6.0% 5.0% 

% customers (st.dev.) 1.7% 1.1% 0.7% 0.6% 0.7% 0.2% 0.5% 0.0% 0.0% 0.0% 

No. courses (𝑛) 10 10 10 10 10 10 10 10 10 10 

Trad. min. (%) 50 0 10 0 0 0 0 80 80 0 

Trad. max. (%) 100 50 100 100 100 100 100 100 100 100 

Meat min. (%) 50 30 0 0 0 0 0 40 0 0 

Meat max. (%) 100 100 10 100 100 0 0 100 100 100 

Pork min. (%) 0 0 0 0 0 0 0 0 0 0 

Pork max. (%) 100 50 10 0 100 0 0 100 100 100 

Seafood min. (%) 0 0 0 0 0 0 0 0 0 0 

Seafood max. (%) 100 100 100 100 0 0 0 100 100 100 

Potato min. (%) 60 0 0 0 0 0 0 0 0 0 

Potato max. (%) 100 50 100 100 100 100 100 100 100 100 

Vegetarian min. (%) 0 0 0 0 0 100 0 0 0 0 

Vegan min. (%) 0 0 0 0 0 0 100 0 0 0 

Fat-reduced min. (%) 0 0 0 0 0 0 0 50 0 0 

Energy-dense min. (%) 0 0 0 0 0 0 0 0 50 0 

Energy-dense max. (%) 100 100 100 100 100 100 100 30 100 100 

Dysphagi min. (%) 0 0 0 0 0 0 0 0 0 50 

Note: No. courses: the number of different main courses per week on the menu. Trad. min.: the minimum share of ”traditional” 
courses. Trad. max.: the maximum share of “traditional” courses. Meat min.: the minimum share of main courses with meat. Meat 
max.: the maximum share of main courses with meat. Pork min.: the minimum share of main courses with pork. Pork max.: the 
maximum share of main courses with pork. Seafood min.: the minimum share of main courses with seafood. Seafood max.: the 
maximum share of main courses with seafood. Potato min.: the minimum share of main courses with potatoes. Potato max.: the 
maximum share of main courses with potatoes. Vegetarian min.: the minimum share of vegetarian main courses. Vegan min.: the 
minimum share of vegan main courses. Fat-reduced min.: the minimum share of fat-reduced main courses. Energy-dense min.: the 
minimum share of main courses with high energy density. Energy-dense max.: the maximum share of main courses with high energy 
density. Dysphagi min.: the minimum share of main courses suitable for dysphagic customers. 

Policy-determined constraints 

Further to these customer-level requirements to the meal service, there may also be policy requirements, 

determined either at the national (Danish Food Administration 2015) or municipal level. Most Danish 

municipalities formulate quality standards for such services at a political level, such as standards for the 

frequency of delivery, the share of organic ingredients, or minimum content of meat in meat dishes.  

In the model, data have been collected from municipality websites regarding specific quality requirements 

and standards, including the mode and frequency of delivery, required share of organic ingredients (if such 

requirements have been made in the municipalities). These data are shown in Appendix C, and the 

collection of the data is described further in section 4.  
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Furthermore, alternative policy scenarios can be analysed in the model by introducing “virtual” policies to 

be considered in the individual municipalities. The illustrative scenario analyses below represent variations 

in such policy requirements.  

4. Data sources 

For the calibration of the cost minimization model at the municipality level, data was needed regarding 

customers and production volumes, as well as data to support the model’s various parameters. Data have 

been obtained from several sources. General structural data on the municipalities’ population density, 

demographic structure and the number of meal service users were publicly available from Statistikbanken 

at Statistics Denmark (n/d), and data on the user prices of meal service at municipality level were obtained 

from a website operated by the (Danish) Ministry of Social Affairs and the Interior (2019).  

Detailed data on the production and distribution costs of meal services is not generally available at the 

municipality level, but estimates of municipality-level total cost figures per main course were obtained 

from Fritvalgsdatabasen (n/d), a publicly accessible database that has been established to enhance price 

transparency in the competitive market for public services (cf. the political aim for competition in the 

sector mentioned in section 2). Based on this database, the cost per main course was estimated for each 

municipality.  

From individual municipalities’ websites, information was extracted on the current conditions regarding 

meal service: identity of public and private suppliers, frequency and mode (warm, chilled, frozen) of meal 

delivery, extent of organic ingredients and other quality attributes. The data extraction was done in July 

2018. 

In order to obtain more insight into the operation of meal service producers, site-visits with in-depth 

interviews were conducted in September 2016 with five municipal operators – four in the western parts of 

Denmark and one in east Denmark (close to the capital area). Insights and data from these interviews were 

used to estimate allocation of costs into different types of inputs. In the following, a little more detail is 

given about these data sources and the information collected.  

Statistikbanken 

The databank of Statistics Denmark (n/d) is an open-source databank. Among many other types of 

information, the databank contains data on the number of individuals enrolled in meals service from 

municipal suppliers and private enterprise suppliers, respectively, on a yearly basis. Data on the numbers of 

customers at municipality level are displayed in Appendix A. 

Price data from the Danish Ministry of Social Affairs and the Interior 

The website http://www.noegletal.dk contains a range of economic key figures for the municipalities, 

including fees for meal service, home care, etc. The fees obtained from this database can be compared with 

the fees that are published on the municipalities’ own websites.  

Fritvalgsdatabasen 

Denmark has established a database with the purpose to provide an overview of municipalities’ price and 

quality specifications in relation to supply of services to the older adults, with a particular focus on services, 

like meal service and in-home assistance (Fritvalgsdatabasen n/d). The database is part of the general 

http://www.noegletal.dk/
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policy to strengthen the competition in the Danish market for such services – between public and private 

suppliers, and between different private sector suppliers. This policy also implies that customers have the 

opportunity to choose between alternative suppliers. 

The Danish principle of free choice in the service sector for older adults means that the municipality has an 

obligation to secure the citizens’ free choice of supplier of personal and practical assistance. The Board of 

the municipality determines the level of service, and based on this the municipal authority determines 

quality requirements and possible price requirements to the suppliers of personal and practical assistance. 

Following this, the municipal authority has the obligation to either approve and make contracts with every 

supplier that fulfils the requirements, or instead to elicit the home assistance task and then make contract 

with two to five suppliers of practical assistance and personal care, respectively, as described in the Law of 

Social Service (Serviceloven) §§ 91-93.  Fritvalgsdatabasen (n/d) is the medium, where all municipal 

authorities can publish their quality and price requirements in relation to suppliers in the elderly care area. 

An extract of the database was made as regards price requirements for meal service, with and without 

delivery, respectively, for all Danish municipalities in the years 2008-2018. However, there are differences 

in the municipalities’ reporting: not all years are represented for all municipalities, and there is some 

heterogeneity in the list of tasks, for which the municipalities have reported prices (and in the 

municipalities’ naming of these services). Therefore, there was a need for some judgement, estimation and 

calibration of data in order to make a comparable baseline of costs across municipalities. 

Based on the data extract from Fritvalgsdatabasen (n/d), five variables were selected for further analysis: 

- Price of meal service with delivery to the home address 

- Price of meal service without delivery to the home address 

- Main course (in principle with delivery) 

- Main course (in principle without delivery) 

- Delivery cost (per day or per week) 

For several municipalities in the database, more than one price are presented for the service ”main 

course”. At the same time, the database does not show, whether the ”main course” service is delivered or 

not, and for some municipalities, there is a distinction between ordinary-size and small-size main course, 

while this is not the case for other municipalities. For this reason, it was necessary in several cases to make 

a judgement of whether a price concerns a delivered or a non-delivered main course, and whether it is an 

ordinary-size or a small-size main course. 

An assessment was also made of the extracted data regarding the price series’ development over time (for 

example, whether they exhibit a rather stable development), whether they look plausible in comparison 

(e.g. that the price including delivery is higher than that without delivery). In cases, where data levels or 

developments over time appeared unlikely, manual adjustment of the data was made, based on data for 

corresponding developments in other municipalities.  

For the purpose of model analysis, 2016 cost estimates for all Danish municipalities were made. For 

municipalities, where 2016 cost data were not available from Fritvalgsdatabasen (n/d), trend projections 

have been made on the basis of fixed-effect regression analyses. 
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Data from municipalities’ websites 

A review of all Danish municipalities’ websites has been conducted in July 2018 with the aim to extract 

information about: 

- The municipalities’ quality standards for meal service 

- Suppliers of meal service to the municipalities’ citizens – including whether the main supplier was 

public or private 

- Whether meal production in publicly owned suppliers was integrated with other meal production in 

the municipalities (e.g. for nursing homes) 

- Municipalities’ requirements regarding organic ingredients in meal production 

- Mode of meal delivery (hot, chilled, vacuum, frozen) 

- Number of deliveries per week 

- Supplementary requirement of minimum number of main courses per week 

- Whether the municipality provides a microwave oven available to the customer 

- User payment per main course – including payment for delivery 

The collected data were used for assessment of these elements’ importance for the production and 

delivery costs in meal service, and even for assessment of the municipality-level impacts of further national 

requirement regarding these aspects.  

Reports from consultancy etc. 

Some municipalities have commissioned consultancy reports in relation to their meal production, for 

example as a preparation to restructuring the production, and some of these consultancy reports have 

been published on the municipalities’ websites.   

In 2012, the auditing company BDO undertook a mapping of the meal service area in the municipality of 

Frederiksberg, with the aim to investigate how the process around meal service could be optimized, and 

how the utilization of capacity could be improved. The report contains estimates and analyses of 

production, costs and time use on eight to nine production sites in the municipality. However, the 

production sites have different profiles as regards production form, where some are producing all the 

meals, while others have a split in the production process, between a central kitchen and a section kitchen 

– in some cases on different localities (BDO 2012). 

In 2014, BDO prepared a report for Høje Taastrup municipality with the aim to provide information that 

could be used for optimization of the production of meals to the older citizens. The report provides 

relatively detailed information about production and resource use in the municipality’s different production 

facilities, at the time when the report was prepared, as well as in alternative scenarios for the operation of 

meal production in Høje Taastrup municipality (BDO 2014). 

Some of the identified consultancy reports include calculations with regard to changed working procedures, 

investments, etc., and they can provide a basis for economic assessment of changes in the meal service 

production. 

Interviews with managers of municipal kitchens with meal service production  

In September 2016, a series of visits to five municipal suppliers of meal services was undertaken: Dit Lokale 

Køkken in Herning municipality, Køkkenområdet in Hjørring municipality, Det Gode Køkken in Holstebro 
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municipality, Mad og Måltider in Aabenraa municipality, and Mad-til-hver-dag in Hillerød. Interviews of an 

approximate duration of one and a half hours were conducted with the kitchen managers – and in one case 

with a staff member from the municipality’s economic administration – with the aim to collect information 

about working procedures, ingredient purchase, packaging, organization, costs, etc. to be applied in 

economic as well as environmental assessments in the ELDORADO project. The interviews were conducted 

on the basis of an interview guide, which had been sent to the informants in advance. 

In addition to the five interviewed meal suppliers, cost information regarding meal service supply in eight 

other suppliers were found on the internet: Esbjerg, Brønderslev, Copenhagen, Odense, Ringkøbing-Skjern, 

Stevns, Struer and Syddjurs municipalities. 

5. Consolidation of various cost estimates 

Ingredient costs 

Ingredient costs have been estimated based on recipes for 149 common dishes in meal service (of which 75 

main courses, 30 side dishes, 10 soups, 30 desserts and 4 snacks), combined with ingredient prices as faced 

by food service operators, obtained from one of the leading suppliers to the Danish food service sector. 

Appendix E contains a list of these dishes (along with meal attributes relevant for the targeting of different 

customer segments), and a few sample recipes are shown in Appendix G.  

Distribution of personnel time on food preparation, delivery and other 

In connection with the interview round with five municipal meal service suppliers, information was 

collected about the municipal kitchens’ labour use per week, distributed on different types of tasks (food 

preparation, packaging, delivery, other) and on different categories of personnel for two of the 

municipalities. Besides, there is information about the number of enrolled users, and the distribution of 

these users on the number of meals received per week, as well as information about number of other 

receivers of meals from the two kitchens. Based on the obtained information for these two municipalities, 

it is considered reasonable to assume that the customers on average receive five main courses per week. 

Furthermore, it is considered reasonable to assume that 31-50 per cent of the personnel use (not including 

delivery) is allocated to production and packaging of the meals (which depends on the number of meals 

produced), whereas the remaining 50-69 per cent constitutes a fixed labour input which is independent of 

the production volume. It is deemed that 25 per cent of the home-dwelling customers in addition to a main 

course also receive a side order (equivalent to 30 per cent of a main course, including potatoes), whereas 8 

per cent of the customers receive a cold meal (equivalent to 90 per cent of a main course) on top of a main 

course. Based on these assumptions, combined with the collected information from the two municipalities, 

the total number of working minutes per portion has been calculated in Table 3.  

The five municipalities in the interview round also provided information about the weekly time use for 

delivery. Based on this information, one can calculate the average number of delivery minutes per meal. 

Note, however, that one of the interviewed municipalities (Hjørring) offers daily delivery, whereas the 

other municipalities deliver meals to the customers once every week.  
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Table 3. Calculation of labour use per unit 
     

      Hours/week Minutes/portion 

  

Number of 

customers 

Mean meal 

deliveries per 

week 

Food 

preparation Other Delivery 

Food 

preparation Delivery 

Anonymized suppliers 

Supplier A 420 5 117  47 2.9 1.3 

Supplier B 550 5   59  1.3 

Supplier C 874 5 475 101 239 1.5 3.3 

Supplier D 500 5 943 175 75 1.9 1.8 

Supplier E 440 5 440  70 2.0 1.9 

Based on the table, it is considered reasonable to assume an average time use for food preparation and 

packaging of 2 minutes per portion. If an average portion size of 300 grams is assumed, this corresponds to 

6.7 minutes per kg food produced. 

For the share of labour use that depends on production volume, a scale-economic relationship is assumed. 

Hence, the following function describes the total number of working hours for meal preparation and 

packaging:  

𝐿 = ((1 − 𝑓) ∙ 6,7 ∙ 𝑄0 + 𝑓 ∙ 6,7 ∙ 𝑄) ∙ 𝑠  

where 𝐿 is the total number of working minutes per week, 𝑄 is the number of produced meals, 𝑄0 is the 

number of produced meals at the baseline, and 𝑠 is a scaling factor that can depend on the aggregate 

productivity of the kitchen, ingredient quality, etc.. The parameter 𝑓 indicates the magnitude of the 

marginal labour effort, relative to the average labour effort (is assumed to be equal to ½). 

The work effort per kg food produced is distributed on the individual ingredients. Part of this is ingredient-

specific (e.g. peeling of vegetables, preparation of raw meat, slicing of a roast, etc.), whereas another part 

is not (e.g. surveillance, stirring, baking, packaging, etc.). As a point of departure, it is assumed that one 

fourth of the labour effort for food preparation is ingredient-specific, whereas the other three quarters will 

be the same for all ingredients. For the ingredient-specific part, the labour input depends on whether the 

ingredients are completely unprocessed, or whether they are semi-processed to some degree. For 

vegetables like onions, carrots or leaks, peeling etc. is estimated to take around 2 minutes per kg (Lynnerup 

et al. 2016). In addition to this comes cutting, slicing, grating etc. of the vegetables. Thus, the ingredient-

specific work input for unprocessed vegetables and potatoes is assumed to be 4 minutes per kg, whereas 

for semi-processed vegetables it is assumed to be 2 minutes per kg. Similarly, we assume for meat and 

seafood that semi-processed ingredients have a 50 per cent lower labour input use than unprocessed 

ingredients (e.g. whole carcasses, whole defeathered poultry or fresh fish with bones and skin) – 4 and 8 

minutes per kg, respectively. 

Estimates for ingredients, other materials, wages and other costs in municipalities 

Based on cost data from 14 municipalities (including four of the five interviewed municipalities) regression 

analyses have been undertaken to estimate the relationship between different inputs’ cost share and the 

total cost level. More specifically, the following type of regression equation was estimated for three cost 

categories: ingredient cost, other materials cost, and personnel cost (not including delivery)  
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𝑠𝑖,𝑚 =
𝑋𝑖,𝑚

𝐶𝑚
= 𝛼𝑖 + 𝛽𝑖 ∙ 𝑙𝑛(𝐶𝑚) 

Subscript 𝑖 refers to the cost category, and subscript 𝑚 refers to municipality. Results of these regression 

analyses are shown in Table 4.  

Table 4. Regression results for cost shares 

 Ingredients Other materials Personnel costs 

Intercept 0.0327 

(0.3255) 

0.2129 

(0.2331) 

0.8170 

(0.3879) 

𝑙𝑛(𝐶)  0.0799 

(0.0856) 

-0.0375 

(0.0613) 

-0.0951 

(0.1029) 

𝑅2  0.07 0.03 0.06 

Std. error 0.034 0.018 0.089 

These estimated coefficients were subsequently used on estimated costs per main course from 

Fritvalgsdatabasen (n/d), even though it should be noted that the statistical significance of the estimated 

coefficients is rather low. Nevertheless, the coefficient estimates appear intuitively plausible, and no better 

estimates were available. In this way, estimates for each of the three cost components were obtained for 

all municipalities in Denmark. Finally, “other costs” could be estimated as a residual. Appendix F displays 

the hence obtained distributed cost estimates at municipality level. 

6. Demonstration of the model 

An analysis of alternative scenarios for improving the perceived quality of meal services, inspired by the 

introductory overview of findings from the literature, demonstrates the developed model. In this overview, 

various attributes with the food were identified as important for the customers' satisfaction with meal 

service, although the literature also indicated some heterogeneity among customers as regards the 

importance of these different attributes. These attributes include high sensory quality of the meals as 

perceived by the users (taking into account their orosensory and cognitive capabilities), that the meals are 

made from fresh ingredients, and that the meals satisfy some requirements in terms of healthiness and 

sustainability.  

The following addresses the costs of adding such attributes to the meals by considering six alternative 

scenarios, each reflecting a countrywide implementation of policies to meet such requirements: 

- Portion size scenario with more flexibility in portion sizes to users with low appetite, aiming at 

increasing the energy and protein intake for those individuals. In particular, the scenario assumes 

that individuals ascribed to "energy-rich", or "dysphagic" diets will receive two half-size main 

courses per day instead of one ordinary-size main course. Whereas the total quantity of ingredients 

for those split-meals will be similar to those for ordinary main courses, there will be extra capacity 

costs and costs for packaging. 

- Less semi-prepared scenario where the use of semi-prepared ingredients is reduced to a minimum 

and replaced with fresh ingredients, in order to address the issue of higher sensory quality in the 
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meals delivered. In most cases, raw ingredients will be lower priced than semi-processed 

ingredients, but personnel costs will be higher due to more in-house processing.  

- More diversified menu scenario where the number of entrees on the weekly menu is increased by 2 

for all consumer types. This involves a wider diversity of ingredients, and may also lead to extra 

personnel and energy costs, if more different batches have to be prepared every week. 

- Daily delivery of warm meals to all customers. This involves extra transportation costs in those 

municipalities (89 per cent of the municipalities), where meals are currently delivered in a chilled or 

frozen form once or twice per week 

- Organic scenario where at least 30 per cent of all ingredients are organic (the Danish “bronze label” 

for organic food service), aiming to meet some customers' demand for more sustainability in meal 

service. Currently, 12 per cent of the Danish municipalities operate a policy with such 

requirements. The scenario will imply that the remaining 88 per cent of the municipalities operate 

a similar policy, for most ingredients at a higher cost than currently, because organic ingredients 

are higher priced than conventional ones, and also at a higher personnel cost because the 

availability of organic semi-prepared ingredients is relatively low 

- Combined scenario incorporating the first four types of enhancements  

Results of the analysis include estimates of the average additional costs for providing these quality 

attributes, the distribution of the additional costs among municipalities, and an assessment of the potential 

budgetary consequences for the municipalities. Additional cost per main course (including costs of side dish 

for those main courses requiring this) of the six considered scenarios are presented in Table 5. 
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Table 5. Distribution of additional cost across municipalities 
 

  Portion size Less processed More diverse menus Daily delivery Organic Combined (ex organic) 

  eurocent/main course 

mean 42.93 0.40 6.71 122.76 5.10 175.75 

std. dev. 9.31 0.06 1.19 50.17 2.31 48.44 

95% percentile 61.96 0.50 8.89 151.95 8.32 219.18 

75% percentile 47.69 0.42 7.31 151.95 6.34 205.02 

median 42.85 0.39 6.70 151.95 5.73 191.09 

25% percentile 37.73 0.37 6.02 126.63 4.42 174.21 

5% percentile 29.78 0.32 4.94 0.00 0.01 56.06 

Ingredients 12.92 -1.06 2.75 -0.01 5.03 14.43 

  [7.88 ; 17.28]  [-2.19 ; 0.01]  [1.69 ; 4.03]  [-0.19 ; 0.11]  [-0.03 ; 8.81]  [8.06 ; 22.35] 

Other materials 1.01 0.00 0.33 0.00 -0.01 1.43 

  [0.91 ; 1.11]  [-0.01 ; 0.03]  [0.28 ; 0.38]  [-0.01 ; 0.01]  [-0.06 ; 0.01]  [1.27 ; 1.56] 

Personnel 10.37 1.47 3.87 0.01 0.04 18.46 

  [8.11 ; 15.27]  [0.32 ; 2.67]  [2.91 ; 5.21]  [-0.09 ; 0.19]  [-0.78 ; 1.38]  [15.50 ; 22.46] 

Other costs 18.63 -0.01 -0.24 0.01 0.04 18.67 

  [11.66 ; 28.66]  [-0.10 ; 0.07]  [-0.70 ; -0.06]  [-0.07 ; 0.10]  [0.00 ; 0.13]  [11.64 ; 28.79] 

Delivery 0.00 0.00 0.00 122.75 0.00 122.75 

   [0.00 ; 0.00]  [0.00 ; 0.00]  [0.00 ; 0.00]  [0.00 ; 151.95]  [0.00 ; 0.00]  [0.00 ; 151.95] 

Note: Numbers in brackets represent 5% and 95% percentiles, respectively 
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The results in Table 5 illustrate that more flexibility in portion size to customers with low appetite or 

dysphagia has moderate effect (3-4 per cent) on the average cost per main course. Main additional costs 

for this scenario relate to ingredients and personnel – slightly higher ingredient cost, because more 

different dishes with a larger diversity in ingredients are to be prepared, and personnel costs because of 

extra time to portioning, packaging etc.  

Use of less semi-prepared ingredients in the kitchens also leads to an overall increase in the cost per meal. 

The pure ingredient cost decreases as the price per kg tends to be lower for unprocessed than for 

processed ingredients, whereas personnel cost increases, because unprocessed ingredients require more 

labour input than semi-prepared ingredients.  

More diverse menus require a larger selection of recipes to be activated, thus broadening the scope to 

more costly dishes, mainly in terms of personnel and ingredient costs, whereas other costs remain fairly 

unaffected. The negative sign on “other costs” may be somewhat surprising, but derives from the 

underlying result that the main courses requiring side dish constitute a smaller share of the total servings.    

Daily delivery naturally increases the average delivery cost, but does not have much influence on the 

production cost. This latter finding relies on the assumption that the same menus are applicable with daily 

delivery as with e.g. weekly delivery. In practice, however, this may not be so, because the different modes 

of delivery and needs for storage may not work equally well for all types of dishes. The economic 

significance is on average much larger for this scenario than for the previous ones, simply because daily 

delivery – as opposed to e.g. weekly delivery – adds much more cost to the meal service. However, the 

variation in additional cost is also much larger for this scenario, reflecting the fact that 11 per cent of the 

municipalities already operate daily delivery – and hence do not face extra costs – whereas others face an 

additional cost (cf. Table 1). Per serving, this additional cost is largest in relatively sparsely populated 

municipalities with currently one delivery per week.  

Increasing the average share of organic ingredients mainly has implications for the ingredient cost in the 

calculation. In practice, this may also be different, if the availability of semi-processed ingredients differs 

between organic and conventional products. Here, differences in the baseline level of organic ingredients 

influence the variation in municipalities’ cost increment, as the 12 per cent municipalities already using at 

least 30 per cent organic ingredients do not face additional costs in this scenario. Changes in the selection 

of dishes lead to lower personnel and “other materials” cost in some municipalities in this scenario. 

The last scenario – combining four of the five changes – leads to cost increments that are slightly higher 

than the sum of the individual changes. This indicates poor synergies between the different improvements, 

and that combinations tend to amplify the costs.  

As the baseline figures in Table 1 and the percentiles and confidence intervals in Table 5 indicate, there is a 

quite large variation across municipalities, as regards the costs of providing meal service, as well as the 

additional costs connected with the different scenarios.   

7. Discussion, perspectives and limitations 

Previous literature has suggested a number of parameters that are important determinants for users’ 

satisfaction with meal service and for the success of meal service to prevent malnutrition among home-

dwelling seniors. With the objective to examine municipalities’ additional costs of different initiatives to 
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improve the perceived quality of meal services for the home-dwelling seniors, this study has developed an 

approach for cost analysis of meal service production and delivery. With the developed tool, it is possible to 

assess the cost implications of alternative changes to the mode of production or delivery of meal services – 

as well as the distribution of such cost implications across municipalities.  

The developed model tool utilizes a relatively standard economic approach, namely that of mathematical 

programming, although it adds some features to this type of analysis via its consideration of customers’ 

preferences and the heterogeneity in these preferences among customers. Given the optimization 

framework underlying mathematical programming models, the developed model is suitable for answering 

normative questions like “how can a certain quality improvement be achieved at the lowest possible 

cost…”, whereas it is not very well suited for projection of actual costs in the municipalities. 

Noteworthy is that municipality-level data for calibration of the model – and for estimation of key model 

parameters – have not generally been available, and that the model calibration had to be based on data 

from a limited number of municipalities and from Fritvalgsdatabasen (n/d). Readers should recognize that 

this database has some limitations, as not all municipalities are represented, and data for some 

municipalities are not up-to-date. It should also be noted that the study combines data from different 

years: enrolment data from 2015, municipality-level cost data from 2016, ingredient price data from 2014 

and information from municipality websites from 2018. In principle, this may also add some further 

uncertainty – even though price and cost conditions have been rather stable during this span of years. 

Therefore, some uncertainty may be attached to model results regarding cost levels in the individual 

municipalities, especially if these municipalities differ substantially from the ones that were represented in 

the data material, for example in terms of composition of the older population or in terms of cost 

structures in public meal production. However, as we mainly consider differences between scenarios, this is 

not considered to be a severe problem for the analysis. The range of possible dishes included in the model 

calculation may also be lower than what is used in practical setting over the whole year, which may 

introduce some uncertainty to the results. 

In a demonstration of the model tool, five different types of action to improve the perceived quality of the 

food have been analysed. The analysis finds that three types of improvement (more diversity in menus, less 

semi-prepared ingredients in the production, more organic ingredients in the production) can be made at a 

fairly moderate additional cost (cost increment less than one per cent of average cost), and one 

enhancement (larger flexibility in portion size) can be obtained at 3-4 per cent extra cost. One type of 

action (daily delivery of warm meals) is however more costly (on average around 20 per cent of current 

average cost). The results display some variation in the incremental costs across municipalities, with both 

positive and negative covariations between the different types of action in the municipalities. This suggests 

that cost-effective improvement of perceived food quality in municipal meal service will require a 

municipality-specific combination of actions, and that also in the domain of meal service “one size does not 

fit all”.  

The analyses in this study have focused on the attributes of the food served to the home-dwelling seniors. 

However, also other dimensions can be important for the appetite and the potential for preventing under- 

and malnutrition for older adults. For example, Wikby (2004) identified six categories of factors important 

for the willingness to eat (and quality of life more broadly), of which one was related to the food, three 

were related to the individual (mood, personal values, wholesomeness) and two were related to the meal 

setting or ambience (eating environment and company – factors also investigated by Stroebele and Castro 
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(2004) and others). Such ambience factors may also be highly important for the success of preventing 

malnutrition among dependent seniors. This could suggest a direction for further development of the 

model tool.  
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Appendix A. Older customers enrolled in meal service from municipal and private 
suppliers, 2015 

 
Municipality 

number* Municipal supplier Private supplier 
Københavns Kommune 101 1768 607 
Frederiksberg Kommune 147 0 561 
Ballerup Kommune 151 0 201 
Brøndby Kommune 153 0 206 
Dragør Kommune 155 103 0 
Gentofte Kommune 157 0 358 
Gladsaxe Kommune 159 0 363 
Glostrup Kommune 161 107 33 
Herlev Kommune 163 0 97 
Albertslund Kommune 165 0 89 
Hvidovre Kommune 167 177 65 
Høje-Taastrup Kommune 169 0 268 
Lyngby-Taarbæk Kommune 173 0 415 
Rødovre Kommune 175 201 62 
Ishøj Kommune 183 99 20 
Tårnby Kommune 185 0 87 
Vallensbæk Kommune 187 0 55 
Furesø Kommune 190 165 60 
Allerød Kommune 201 72 31 
Fredensborg Kommune 210 161 84 
Helsingør Kommune 217 0 298 
Hillerød Kommune 219 269 38 
Hørsholm Kommune 223 0 209 
Rudersdal Kommune 230 0 344 
Egedal Kommune 240 60 43 
Frederikssund Kommune 250 0 158 
Greve Kommune 253 97 51 
Køge Kommune 259 221 29 
Halsnæs Kommune 260 387 11 
Roskilde Kommune 265 0 534 
Solrød Kommune 269 0 110 
Gribskov Kommune 270 0 291 
Odsherred Kommune 306 0 252 
Holbæk Kommune 316 0 473 
Faxe Kommune 320 0 185 
Kalundborg Kommune 326 615 58 
Ringsted Kommune 329 0 145 
Slagelse Kommune 330 273 165 
Stevns Kommune 336 206 0 
Sorø Kommune 340 0 279 
Lejre Kommune 350 0 135 
Lolland Kommune 360 298 9 
Næstved Kommune 370 560 134 
Guldborgsund Kommune 376 450 140 
Vordingborg Kommune 390 456 71 
Bornholms Kommune 400 232 0 
Middelfart Kommune 410 218 96 
Assens Kommune 420 496 48 
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Faaborg-Midtfyn Kommune 430 416 29 
Kerteminde Kommune 440 152 15 
Nyborg Kommune 450 213 27 
Odense Kommune 461 1257 177 
Svendborg Kommune 479 1127 11 
Nordfyns Kommune 480 0 242 
Langeland Kommune 482 139 0 
Ærø Kommune 492 220 0 
Haderslev Kommune 510 350 146 
Billund Kommune 530 212 57 
Sønderborg Kommune 540 0 595 
Tønder Kommune 550 268 29 
Esbjerg Kommune 561 619 146 
Fanø Kommune 563 0 44 
Varde Kommune 573 0 616 
Vejen Kommune 575 318 10 
Aabenraa Kommune 580 507 48 
Fredericia Kommune 607 224 159 
Horsens Kommune 615 325 207 
Kolding Kommune 621 225 322 
Vejle Kommune 630 0 724 
Herning Kommune 657 524 333 
Holstebro Kommune 661 480 140 
Lemvig Kommune 665 235 8 
Struer Kommune 671 36 89 
Syddjurs Kommune 706 232 65 
Norddjurs Kommune 707 292 47 
Favrskov Kommune 710 276 68 
Odder Kommune 727 0 90 
Randers Kommune 730 1020 35 
Silkeborg Kommune 740 0 643 
Samsø Kommune 741 101 0 
Skanderborg Kommune 746 224 83 
Aarhus Kommune 751 0 2140 
Ikast-Brande Kommune 756 255 29 
Ringkøbing-Skjern Kommune 760 471 8 
Hedensted Kommune 766 329 76 
Morsø Kommune 773 300 5 
Skive Kommune 779 0 317 
Thisted Kommune 787 181 147 
Viborg Kommune 791 443 131 
Brønderslev Kommune 810 0 222 
Frederikshavn Kommune 813 328 154 
Vesthimmerlands Kommune 820 0 60 
Læsø Kommune 825 28 0 
Rebild Kommune 840 0 49 
Mariagerfjord Kommune 846 0 82 
Jammerbugt Kommune 849 75 260 
Aalborg Kommune 851 1305 458 
Hjørring Kommune 860 956 93 

*Municipality number: Identification code for each Danish municipality  
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Appendix B. Assumed composition of customers in the municipalities 
Municipality 
number 

Tradi-
tional Modern 

No-
meat 

No-
pork No-fish 

Vege-
tarian Vegan Low-fat 

Energy-
dense 

Dys-
phagic 

101 0.537 0.039 0.054 0.041 0.020 0.017 0.033 0.15 0.06 0.05 
147 0.537 0.039 0.054 0.041 0.020 0.017 0.033 0.15 0.06 0.05 
151 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
153 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
155 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
157 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
159 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
161 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
163 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
165 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
167 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
169 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
173 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
175 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
183 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
185 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
187 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
190 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
201 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
210 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
217 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
219 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
223 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
230 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
240 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
250 0.535 0.051 0.057 0.028 0.026 0.017 0.025 0.15 0.06 0.05 
253 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
259 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
260 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
265 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
269 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
270 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
306 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
316 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
320 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
326 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
329 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
330 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
336 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
340 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
350 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
360 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
370 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
376 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
390 0.563 0.033 0.052 0.019 0.020 0.021 0.033 0.15 0.06 0.05 
400 0.544 0.023 0.079 0.000 0.072 0.010 0.012 0.15 0.06 0.05 
410 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
420 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
430 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
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440 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
450 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
461 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
479 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
480 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
482 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
492 0.558 0.033 0.055 0.016 0.030 0.019 0.029 0.15 0.06 0.05 
510 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
530 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
540 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
550 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
561 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
563 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
573 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
575 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
580 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
607 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
615 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
621 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
630 0.583 0.023 0.051 0.022 0.019 0.016 0.027 0.15 0.06 0.05 
657 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
661 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
665 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
671 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
706 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
707 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
710 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
727 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
730 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
740 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
741 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
746 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
751 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
756 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
760 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
766 0.561 0.043 0.036 0.023 0.022 0.016 0.038 0.15 0.06 0.05 
773 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
779 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
787 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
791 0.566 0.033 0.058 0.014 0.028 0.018 0.023 0.15 0.06 0.05 
810 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
813 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
820 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
825 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
840 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
846 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
849 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
851 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
860 0.580 0.018 0.059 0.013 0.018 0.021 0.031 0.15 0.06 0.05 
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Appendix C. Policy-determined requirements and standards to the municipality meal 
services to older adults 

 
Integr. 
prod.1 

Deliv./ 
week2 

Min./ 
week3 

Warm 
deliv. 

Frozen 
deliv. 

Mikro-
wave4 

Org. 
30%5 

Org. 
60%5 

Københavns Kommune 0 7 1 1 0 0 0 1 
Frederiksberg Kommune 0 7 1 1 0 0 0 0 
Ballerup Kommune 0 2 1 0 0 0 0 0 
Brøndby Kommune 0 2 3 0 0 0 0 0 
Dragør Kommune 1 7 1 1 0 0 0 0 
Gentofte Kommune 0 2 1 0 0 0 0 0 
Gladsaxe Kommune 0 7 1 1 0 0 0 0 
Glostrup Kommune 1 3 1 0 0 0 0 0 
Herlev Kommune 0 2 1 0 0 0 0 0 
Albertslund Kommune 0 2 1 0 0 0 1 0 
Hvidovre Kommune 1 2 1 0 0 0 0 1 
Høje-Taastrup Kommune 0 2 4 0 0 0 0 0 
Lyngby-Taarbæk Kommune 0 1 1 0 0 0 0 0 
Rødovre Kommune 1 3 1 0 0 1 0 0 
Ishøj Kommune 1 2 1 0 0 1 0 0 
Tårnby Kommune 0 2 1 0 0 0 0 0 
Vallensbæk Kommune 0 7 1 1 0 0 0 0 
Furesø Kommune 1 2 1 0 0 0 0 0 
Allerød Kommune 1 1 1 0 0 0 1 0 
Fredensborg Kommune 1 2 2 0 0 0 0 0 
Helsingør Kommune 0 2 4 0 0 0 0 0 
Hillerød Kommune 1 1 1 0 0 0 1 0 
Hørsholm Kommune 1 7 3 1 0 0 1 0 
Rudersdal Kommune 0 2 1 0 0 0 0 0 
Egedal Kommune 1 1 4 0 0 0 1 0 
Frederikssund Kommune 1 1 1 0 0 1 1 0 
Greve Kommune 0 2 1 0 0 0 0 0 
Køge Kommune 0 2 1 0 0 0 0 0 
Halsnæs Kommune 1 1 4 0 0 1 1 0 
Roskilde Kommune 0 2 1 0 0 1 0 0 
Solrød Kommune 0 2 1 0 0 0 0 0 
Gribskov Kommune 0 7 1 1 0 0 0 0 
Odsherred Kommune 0 1 4 0 0 0 0 0 
Holbæk Kommune 0 1 1 0 0 0 0 0 
Faxe Kommune 0 1 5 0 0 0 0 0 
Kalundborg Kommune 1 1 1 0 0 1 0 0 
Ringsted Kommune 0 2 1 0 0 0 0 0 
Slagelse Kommune 1 2 1 0 0 0 0 0 
Stevns Kommune 1 2 4 0 0 0 0 0 
Sorø Kommune 0 2 1 0 0 0 0 0 
Lejre Kommune 0 2 1 0 0 0 0 0 
Lolland Kommune 1 1 1 0 0 0 0 0 
Næstved Kommune 1 2 1 0 0 0 0 0 
Guldborgsund Kommune 1 1 1 0 0 0 0 0 
Vordingborg Kommune 1 2 1 0 0 1 0 0 
Bornholms Kommune 0 1 4 0 0 1 0 1 
Middelfart Kommune 0 2 1 0 0 0 0 0 
Assens Kommune 1 1 4 0 0 0 0 0 
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Faaborg-Midtfyn Kommune 0 3 1 0 0 0 0 0 
Kerteminde Kommune 0 7 1 1 0 0 0 0 
Nyborg Kommune 1 2 1 0 0 0 0 0 
Odense Kommune 0 3 1 0 0 0 0 1 
Svendborg Kommune 1 1 1 0 0 0 0 0 
Nordfyns Kommune 0 1 1 0 0 1 0 0 
Langeland Kommune 1 1 4 0 0 1 0 0 
Ærø Kommune 0 1 1 0 0 1 0 0 
Haderslev Kommune 0 2 1 0 0 0 0 0 
Billund Kommune 1 1 1 0 0 0 0 0 
Sønderborg Kommune 0 1 1 0 0 0 0 0 
Tønder Kommune 0 1 1 0 0 0 0 0 
Esbjerg Kommune 1 1 1 0 0 1 0 0 
Fanø Kommune 0 1 1 0 0 0 0 0 
Varde Kommune 0 1 3 0 0 0 0 0 
Vejen Kommune 1 1 1 0 0 1 0 0 
Aabenraa Kommune 1 1 4 0 0 1 0 0 
Fredericia Kommune 0 1 1 0 0 0 0 0 
Horsens Kommune 0 1 3 0 0 0 0 0 
Kolding Kommune 0 1 1 0 0 1 0 0 
Vejle Kommune 0 1 4 0 0 1 0 0 
Herning Kommune 0 1 1 0 0 0 0 0 
Holstebro Kommune 1 1 1 0 0 1 0 0 
Lemvig Kommune 1 1 1 0 0 0 0 0 
Struer Kommune 0 1 1 0 1 1 0 0 
Syddjurs Kommune 1 1 4 0 0 0 0 0 
Norddjurs Kommune 0 1 4 0 0 1 0 0 
Favrskov Kommune 1 1 1 0 0 0 0 0 
Odder Kommune 0 1 1 0 0 1 0 0 
Randers Kommune 1 1 4 0 0 1 0 0 
Silkeborg Kommune 0 1 1 0 0 0 0 0 
Samsø Kommune 0 1 1 0 0 0 0 0 
Skanderborg Kommune 1 1 1 0 0 1 0 0 
Aarhus Kommune 0 1 1 0 0 0 0 0 
Ikast-Brande Kommune 1 1 4 0 0 0 0 0 
Ringkøbing-Skjern Komm.  1 1 3 0 0 1 0 0 
Hedensted Kommune 1 7 4 1 0 0 0 0 
Morsø Kommune 1 1 1 0 0 1 0 0 
Skive Kommune 0 7 1 0 0 0 0 0 
Thisted Kommune 1 1 1 0 0 0 0 0 
Viborg Kommune 1 1 1 0 0 0 0 0 
Brønderslev Kommune 0 1 4 0 0 0 0 0 
Frederikshavn Kommune 1 1 1 0 0 0 0 0 
Vesthimmerlands Komm. 0 1 1 0 0 0 0 0 
Læsø Kommune 1 7 1 1 0 0 0 0 
Rebild Kommune 0 1 1 0 0 0 0 0 
Mariagerfjord Kommune 0 1 5 0 0 0 0 0 
Jammerbugt Kommune 0 1 1 0 0 0 0 0 
Aalborg Kommune 0 7 1 0 0 1 0 1 
Hjørring Kommune 1 7 1 1 0 0 0 0 

Notes: 1. Integrated production of meals service with other meals, 2..Deliveries per week, 3. Requested minimum main courses per 
week, 4. Lending of microwave oven to the customer, 5. Minimum organic content above 30 or 60 per cent, respectively. 
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Appendix D. Municipality-level parameters determining delivery costs 

 
Number of deliveries 

per week - 𝑘𝑚 
Density of potential customers 

per km2 -  𝑄𝑚 
Københavns Kommune 7 27.55 
Frederiksberg Kommune 7 64.41 
Ballerup Kommune 2 5.92 
Brøndby Kommune 2 9.80 
Dragør Kommune 7 5.64 
Gentofte Kommune 2 13.97 
Gladsaxe Kommune 7 14.56 
Glostrup Kommune 3 10.53 
Herlev Kommune 2 8.04 
Albertslund Kommune 2 3.84 
Hvidovre Kommune 2 10.55 
Høje-Taastrup Kommune 2 3.42 
Lyngby-Taarbæk Kommune 1 10.70 
Rødovre Kommune 3 21.61 
Ishøj Kommune 2 4.50 
Tårnby Kommune 2 1.32 
Vallensbæk Kommune 7 5.80 
Furesø Kommune 2 3.96 
Allerød Kommune 1 1.53 
Fredensborg Kommune 2 2.19 
Helsingør Kommune 2 2.51 
Hillerød Kommune 1 1.44 
Hørsholm Kommune 7 6.68 
Rudersdal Kommune 2 4.69 
Egedal Kommune 1 0.82 
Frederikssund Kommune 1 0.64 
Greve Kommune 2 2.45 
Køge Kommune 2 0.97 
Halsnæs Kommune 1 3.26 
Roskilde Kommune 2 2.52 
Solrød Kommune 2 2.74 
Gribskov Kommune 7 1.04 
Odsherred Kommune 1 0.71 
Holbæk Kommune 1 0.82 
Faxe Kommune 1 0.46 
Kalundborg Kommune 1 1.17 
Ringsted Kommune 2 0.49 
Slagelse Kommune 2 0.77 
Stevns Kommune 2 0.82 
Sorø Kommune 2 0.90 
Lejre Kommune 2 0.57 
Lolland Kommune 1 0.35 
Næstved Kommune 2 1.03 
Guldborgsund Kommune 1 0.66 
Vordingborg Kommune 2 0.85 
Bornholms Kommune 1 0.39 
Middelfart Kommune 2 1.05 
Assens Kommune 1 1.06 
Faaborg-Midtfyn Kommune 3 0.70 
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Kerteminde Kommune 7 0.81 
Nyborg Kommune 2 0.87 
Odense Kommune 3 4.69 
Svendborg Kommune 1 2.74 
Nordfyns Kommune 1 0.54 
Langeland Kommune 1 0.48 
Ærø Kommune 1 2.44 
Haderslev Kommune 2 0.61 
Billund Kommune 1 0.50 
Sønderborg Kommune 1 1.20 
Tønder Kommune 1 0.23 
Esbjerg Kommune 1 0.96 
Fanø Kommune 1 0.81 
Varde Kommune 1 0.50 
Vejen Kommune 1 0.40 
Aabenraa Kommune 1 0.59 
Fredericia Kommune 1 2.87 
Horsens Kommune 1 1.02 
Kolding Kommune 1 0.90 
Vejle Kommune 1 0.68 
Herning Kommune 1 0.65 
Holstebro Kommune 1 0.78 
Lemvig Kommune 1 0.48 
Struer Kommune 1 0.51 
Syddjurs Kommune 1 0.43 
Norddjurs Kommune 1 0.47 
Favrskov Kommune 1 0.64 
Odder Kommune 1 0.40 
Randers Kommune 1 1.41 
Silkeborg Kommune 1 0.76 
Samsø Kommune 1 0.89 
Skanderborg Kommune 1 0.74 
Aarhus Kommune 1 4.57 
Ikast-Brande Kommune 1 0.39 
Ringkøbing-Skjern Kommune 1 0.33 
Hedensted Kommune 7 0.74 
Morsø Kommune 1 0.83 
Skive Kommune 7 0.46 
Thisted Kommune 1 0.31 
Viborg Kommune 1 0.41 
Brønderslev Kommune 1 0.35 
Frederikshavn Kommune 1 0.74 
Vesthimmerlands Kommune 1 0.08 
Læsø Kommune 7 0.23 
Rebild Kommune 1 0.08 
Mariagerfjord Kommune 1 0.11 
Jammerbugt Kommune 1 0.39 
Aalborg Kommune 7 1.55 
Hjørring Kommune 7 1.13 
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Appendix E. List of dishes and their attributes 
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Soups               

Soup with meat and white balls 0 1 0 0 0 0 0 0 1 0 0 1 1 0 

Asparagus soup with chicken 0 0 1 0 0 0 0 0 0 1 0 1 1 0 

Asparagus soup with meat balls 1 0 0 0 0 0 0 0 1 0 0 1 1 0 

Cauliflower soup I 0 0 0 0 0 1 0 0 0 1 1 0 1 0 

Carrot/tomato soup 0 0 0 0 1 1 0 0 0 1 1 0 1 0 

Lobster soup with Hokkaido 0 0 0 1 0 0 0 0 0 1 0 1 1 0 

Cauliflower soup II 0 0 0 0 0 1 0 0 1 0 1 1 1 1 

Ginger soup with green kale and noodles 0 0 1 0 0 0 0 0 0 1 1 0 1 1 

Carrot soup 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Tuber soup with cod and celery 0 0 0 1 1 0 0 0 0 1 1 0 1 1 

Main courses               

Meat balls with green cabbage 1 1 0 0 1 0 0 0 1 0 1 0 1 0 

Meat balls with stewed beans 1 1 0 0 1 0 0 0 1 0 1 1 1 0 

Meat balls with potatoes, red cabbage 1 1 0 0 1 0 0 0 1 0 1 0 1 0 

Meat balls with potatoes, green cabbage 1 1 0 0 1 0 0 0 1 0 1 0 1 0 

Meat ball with celery gratin 1 1 0 0 1 0 0 1 0 1 0 1 1 0 

Vegan "meat balls" 0 0 0 0 0 1 1 1 0 1 0 1 1 0 

Steamed salmon with hollandaise 0 0 0 0 1 0 0 0 0 1 1 0 1 0 

Pork cutlet with potatoes, vegetables 0 1 0 0 1 0 0 0 1 0 1 1 0 0 

Fish balls with sauce remoulade 0 0 0 0 1 0 0 0 1 0 1 1 1 0 

Italian meat loaf 0 1 0 0 1 0 0 0 0 1 1 1 1 0 

Meat loaf with game sauce 0 1 0 0 1 0 0 0 1 0 1 0 1 0 

Pork fillet, prunes, potatoes, vegetables 0 1 0 0 1 0 0 0 1 0 1 1 0 0 

Veal liver with sauce 1 0 0 0 1 0 0 0 1 0 1 0 0 0 

Meat balls with curry sauce 0 1 0 0 0 0 0 0 1 0 1 1 1 0 

Lasagne with vegetables 1 0 0 0 0 0 0 0 0 1 1 0 1 1 

Vegan lasagne 0 0 0 0 1 1 1 0 0 1 1 0 1 1 

Veal stroganoff with mashed potatoes 1 0 0 0 1 0 0 0 1 0 1 0 0 0 

Porak roast with red cabbage 0 1 0 0 1 0 0 0 1 0 0 1 0 0 

Turkey pot with potatoes, vegetables 0 0 1 0 1 0 0 0 0 1 1 0 0 1 

Pizza with beef topping 1 0 0 0 0 0 0 0 0 1 0 1 0 0 

Pizza with tofu 0 0 0 0 0 1 0 0 0 1 1 0 0 0 

Curry pot with vegetables and potatoes 0 0 0 0 1 1 0 0 0 1 1 0 0 0 

Meatcoated leaks with potatoes 0 1 0 0 1 0 0 0 1 0 1 0 0 0 

Old-style beef roast with potatoes 1 0 0 0 1 0 0 0 1 0 1 0 0 0 

Breaded bellypork with parsley sauce 0 1 0 0 1 0 0 0 1 0 0 1 0 0 

Hamburger steak with mushrooms 1 0 0 0 1 0 0 0 1 0 0 1 1 0 

Hamburger steak with brussel sprout 1 0 0 0 1 0 0 0 1 0 1 0 1 0 

Beef carbonade with gratin 1 0 0 0 1 0 0 1 0 1 0 1 1 0 

Cabbage dolmades with potatoes 0 1 0 0 1 0 0 0 1 0 1 0 0 0 

Turkey breast with herbs 0 0 1 0 1 0 0 0 0 1 1 0 0 1 

Chicken in asparagus 0 0 1 0 0 0 0 1 1 0 0 1 1 0 
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Tomato-marinated chicken fillet 0 0 1 0 1 0 0 0 0 1 1 0 0 1 

Parsley sauce for fried fish 0 0 0 1 1 0 0 0 1 0 1 0 1 1 

Baked salmon with dill sauce 0 0 0 1 1 0 0 0 0 1 1 0 1 1 

Sausage with red cabbage 0 1 0 0 1 0 0 0 1 0 0 1 1 0 

Nootlene with vegetables 0 0 0 0 1 1 0 0 0 1 1 0 1 1 

Baked fish with sauce 0 0 0 1 1 0 0 0 0 1 1 0 1 1 

Mango pot 0 1 0 0 1 0 0 0 0 1 0 0 0 0 

Lobescowes with vegetables 1 0 0 0 1 0 0 0 1 0 1 0 0 0 

Gullasch with romanesco  1 0 0 0 1 0 0 0 1 0 1 0 0 0 

Pot with tiger prawn and pasta 0 0 0 1 0 0 0 0 0 1 1 1 0 1 

Pot with shrimps and pasta 0 0 0 1 0 0 0 0 0 1 1 1 0 1 

Acapulco chicken with rice 0 0 1 0 0 0 0 0 0 1 1 0 0 1 

Chinese chicken with potatoes 0 0 1 0 1 0 0 0 0 1 1 0 0 1 

Baked chicken 0 0 1 0 1 0 0 0 1 0 1 0 0 1 

Chicken meat loaf 0 0 1 0 1 0 0 0 0 1 1 0 1 1 

Burritos with chicken 0 0 1 0 0 0 0 0 0 1 0 1 0 1 

Duck roast with red cabbage 0 0 1 0 1 0 0 0 1 0 0 1 0 0 

Grilled lobster 0 0 0 1 0 0 0 1 0 1 1 0 0 0 

Fish roulades with spinach 0 0 0 1 0 0 0 1 0 1 1 1 1 0 

Tuna mousse 0 0 0 1 0 0 1 1 0 1 0 1 1 0 

Nut roast with mushroom sauce 0 0 0 0 1 1 0 0 0 1 1 1 1 0 

Pancakes with barley, tomato, spinach 0 0 0 0 0 1 0 0 0 1 0 1 0 0 

Vegetable lasagne 0 0 0 0 0 1 0 0 0 1 1 1 1 0 

Vegetarian chili pot with beans 0 0 0 0 0 1 1 0 0 1 1 0 0 0 

Vegan bean salad 0 0 0 0 0 1 1 1 0 1 1 1 0 1 

Vegan "meat loaf" 0 0 0 0 0 1 1 1 0 1 0 1 1 0 

Cauliflower gratin 0 0 0 0 0 1 0 1 1 0 0 0 1 1 

Fish dolmades with shripms and dill 0 0 0 1 0 0 0 1 0 1 0 1 0 1 

Curry with roots 0 0 0 0 1 1 0 0 0 1 1 0 0 1 

Daube 1 1 0 0 0 0 0 0 1 0 1 0 0 0 

Beet root terrine  0 0 0 0 0 1 1 1 0 1 1 0 0 1 

Breaded cod with baked roots 0 0 0 1 0 0 0 1 0 1 1 0 1 1 

Cauliflower and spelt with mushrooms 0 0 0 0 0 1 0 1 0 1 0 0 1 1 

Vegetable dolmades with yoghurt  0 0 0 0 1 1 0 0 0 1 1 0 0 1 

Brussel sprout salad with smoked beef 1 0 0 0 0 0 0 1 0 1 1 1 0 1 

Cauliflower nuggets 0 0 0 0 0 1 1 1 0 1 1 1 1 1 

Vegetable paella 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Vegan sauce Bolognese 0 0 0 0 0 1 1 1 0 1 1 0 1 1 

Curry with pineapple and cauliflower 0 0 0 0 1 1 1 1 0 1 1 1 0 1 

Moussaka with potatoes and eggplant 0 0 0 0 1 1 1 0 0 1 1 0 1 1 

Filled peppers with quinoa 0 0 0 0 1 1 1 0 0 1 1 0 0 1 

Vegan pasta dish 0 0 0 0 0 1 1 1 0 1 1 0 0 1 

Vetan lentil balls 0 0 0 0 0 1 1 1 0 1 0 1 1 1 

Baked vegetables with cantarelles 0 0 0 0 1 1 1 0 0 1 1 0 1 1 

Side dishes               

Potatoes 0 0 0 0 1 1 1 0 1 0 1 0 0 0 

Mashed potatoes 0 0 0 0 1 1 0 0 1 0 1 0 1 0 

Energy-enhanced potato mash 0 0 0 0 1 1 0 0 0 1 0 1 1 0 
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Beans 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Maize 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Carrots 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Euromix vegetables 0 0 0 0 0 1 1 0 0 1 1 0 0 0 

Haricots verts 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Broccoli 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Cauliflower 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Split carrot 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Peas 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Beet roots 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Red cabbage salad 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Green kale with nuts and apples 0 0 0 0 0 1 0 0 0 1 0 0 1 1 

Brussel sprout salad with parmesan 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Coleslaw a la spring 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Coleslaw a la Arabia 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Coleslaw 0 0 0 0 0 1 0 0 1 0 1 0 1 1 

Beet roots with seaweed 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Beet roots with garam masala 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Beet roots with herbs 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Baked celery with dates and walnuts 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Baked roots 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Baked roots with thyme and mayonnaise 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Steamed cabbage 0 0 0 0 0 1 0 0 1 0 1 0 1 1 

Baked beet roots, smoked cheese dress. 0 0 0 0 0 1 0 0 0 1 1 0 1 1 

Mashed roots with brown butter 0 0 0 0 1 1 0 0 0 1 0 1 1 0 

"Brown cabbage" 0 0 0 0 0 1 1 0 1 0 1 0 0 0 

Roots with citrus 0 0 0 0 0 1 1 0 0 1 1 0 1 1 

Desserts               

Apple porridge 0 0 0 0 0 1 1 0 1 0 1 0 1 0 

Strawbery porridge 0 0 0 0 0 1 1 0 1 0 1 1 1 0 

Forest fruit porridge 0 0 0 0 0 1 1 0 1 0 1 0 1 0 

Prune porridge with vanilla cream 0 0 0 0 0 1 0 0 0 1 1 1 1 0 

Apple porridge with vanilla cream 0 0 0 0 0 1 0 0 0 1 0 1 1 0 

Red poridge with vanilla cream 0 0 0 0 0 1 0 0 0 1 1 1 1 0 

Orange fromage 0 0 0 0 0 1 0 0 1 0 0 1 1 0 

Orange fromage with whipped cream 0 0 0 0 0 1 0 0 0 1 0 1 1 0 

Lemon fromage 0 0 0 0 0 1 0 0 1 0 0 1 1 0 

Rhum fromage 0 0 0 0 0 1 0 0 1 0 0 1 1 0 

Rye bread soup 0 0 0 0 0 1 0 0 1 0 1 0 1 0 

Classical rye bread soup 0 0 0 0 0 1 0 0 1 0 1 1 1 0 

Rye bread soup with whipped cream 0 0 0 0 0 1 0 0 1 0 1 1 1 0 

Buttermilk soup 0 0 0 0 0 1 0 0 1 0 1 0 1 0 

Rice flour porridge 0 0 0 0 0 1 0 0 0 1 0 1 1 0 

Pickled pear with vanilla cream 0 0 0 0 0 1 0 0 1 0 1 0 1 0 

Macaroon cream with apple 0 0 0 0 0 1 0 0 0 1 0 1 1 0 

Fruit salad 0 0 0 0 0 1 0 0 1 0 0 1 0 0 

Chocolate pudding with whipped cream 0 0 0 0 0 1 0 0 1 0 1 1 1 0 

Mousse au chocolat 0 0 0 0 0 1 0 0 1 0 0 1 1 0 
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Raspberry fruit jelly with cream 0 0 0 0 0 1 0 0 0 1 1 1 1 0 

Panna cotta with fruit topping 0 0 0 0 0 1 0 0 0 1 0 1 0 0 

Vanilla ice cream 0 0 0 0 0 1 0 0 0 1 0 1 1 0 

Prune cake 0 0 0 0 0 1 0 0 0 1 0 0 0 0 

Strawberry parfait 0 0 0 0 0 1 0 0 0 1 0 1 1 0 

Brownie with raspberyy and vanilla 0 0 0 0 0 1 0 0 0 1 0 1 0 0 

Nut bread with cheese 0 0 0 0 0 1 0 0 0 1 0 1 0 0 

Sarah Bernhardt cake 0 0 0 0 0 1 0 0 0 1 0 1 0 0 

Marzipan cake 0 0 0 0 0 1 0 0 1 0 1 1 0 0 

Lemon pancake with cream 0 0 0 0 0 1 0 0 0 1 0 1 0 0 

Snack meals               

Dairy snack 0 0 0 0 0 1 1 1 0 1 0 1 1 1 

Protein drink with vanilla-lemon 0 0 0 0 0 1 1 1 0 1 1 0 1 1 

Milkshake 0 0 0 0 0 1 1 1 0 1 0 1 1 1 

Banana protein drink 0 0 0 0 0 1 1 1 0 1 1 0 1 1 
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Appendix F. Baseline cost and cost distribution estimates, 2016 (DKK/main 
course)  

 
Total 
cost Ingredients Personnel 

Other 
materials Other costs 

Københavns Kommune 71.86 24.69 27.94 3.71 10.64 
Frederiksberg Kommune 71.86 24.69 27.94 3.71 10.64 
Ballerup Kommune 80.96 28.78 30.79 3.85 12.58 
Brøndby Kommune 71.86 24.69 27.94 3.71 10.64 
Dragør Kommune 74.57 27.41 29.86 3.80 11.93 
Gentofte Kommune 61.95 17.38 22.35 3.32 7.23 
Gladsaxe Kommune 74.86 29.82 31.49 3.87 13.07 
Glostrup Kommune 78.65 35.05 34.86 3.98 15.58 
Herlev Kommune 60.12 24.69 27.94 3.71 10.64 
Albertslund Kommune 71.86 24.69 27.94 3.71 10.64 
Hvidovre Kommune 71.86 24.69 27.94 3.71 10.64 
Høje-Taastrup Kommune 73.27 16.72 21.80 3.28 6.92 
Lyngby-Taarbæk Kommune 83.98 24.69 27.94 3.71 10.64 
Rødovre Kommune 74.47 24.69 27.94 3.71 10.64 
Ishøj Kommune 108.43 30.63 32.02 3.89 13.46 
Tårnby Kommune 71.86 24.69 27.94 3.71 10.64 
Vallensbæk Kommune 62.35 32.98 33.55 3.94 14.58 
Furesø Kommune 90.01 28.78 30.79 3.85 12.58 
Allerød Kommune 120.15 24.69 27.94 3.71 10.64 
Fredensborg Kommune 74.96 28.01 30.27 3.82 12.21 
Helsingør Kommune 102.26 40.82 38.35 4.03 18.36 
Hillerød Kommune 58.25 20.11 24.52 3.49 8.49 
Hørsholm Kommune 47.86 37.43 36.32 4.01 16.72 
Rudersdal Kommune 70.35 21.70 25.74 3.57 9.24 
Egedal Kommune 65.85 17.26 22.25 3.31 7.17 
Frederikssund Kommune 71.86 24.69 27.94 3.71 10.64 
Greve Kommune 77.30 24.69 27.94 3.71 10.64 
Køge Kommune 72.41 24.69 27.94 3.71 10.64 
Halsnæs Kommune 67.22 24.69 27.94 3.71 10.64 
Roskilde Kommune 93.19 24.69 27.94 3.71 10.64 
Solrød Kommune 53.96 24.69 27.94 3.71 10.64 
Gribskov Kommune 73.16 26.12 28.96 3.76 11.32 
Odsherred Kommune 59.48 18.80 23.49 3.41 7.88 
Holbæk Kommune 48.00 24.69 27.94 3.71 10.64 
Faxe Kommune 66.14 25.63 28.61 3.74 11.08 
Kalundborg Kommune 66.03 21.59 25.66 3.57 9.18 
Ringsted Kommune 56.68 17.26 22.25 3.31 7.17 
Slagelse Kommune 79.27 30.92 32.21 3.90 13.60 
Stevns Kommune 60.64 17.79 22.68 3.35 7.42 
Sorø Kommune 49.28 18.12 22.94 3.37 7.57 
Lejre Kommune 61.43 24.18 27.58 3.69 10.40 
Lolland Kommune 68.96 35.26 34.99 3.98 15.68 
Næstved Kommune 75.37 24.69 27.94 3.71 10.64 
Guldborgsund Kommune 66.76 20.71 24.99 3.52 8.77 
Vordingborg Kommune 54.16 15.86 21.07 3.21 6.53 
Bornholms Kommune 75.66 28.11 30.33 3.83 12.26 
Middelfart Kommune 69.14 24.54 27.84 3.70 10.57 
Assens Kommune 80.29 17.26 22.25 3.31 7.17 
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Faaborg-Midtfyn Kommune 70.64 21.04 25.24 3.54 8.93 
Kerteminde Kommune 61.74 22.69 26.48 3.62 9.70 
Nyborg Kommune 64.28 20.50 24.82 3.51 8.67 
Odense Kommune 54.97 15.81 21.03 3.21 6.50 
Svendborg Kommune 69.24 19.63 24.14 3.46 8.27 
Nordfyns Kommune 48.76 12.61 18.20 2.94 5.05 
Langeland Kommune 63.90 18.98 23.63 3.42 7.97 
Ærø Kommune 58.23 25.23 28.32 3.73 10.89 
Haderslev Kommune 72.16 22.07 26.02 3.59 9.41 
Billund Kommune 86.49 31.55 32.63 3.92 13.90 
Sønderborg Kommune 63.46 24.69 27.94 3.71 10.64 
Tønder Kommune 84.94 37.20 36.18 4.01 16.61 
Esbjerg Kommune 63.06 12.48 18.08 2.93 4.99 
Fanø Kommune 71.86 24.69 27.94 3.71 10.64 
Varde Kommune 95.64 17.35 22.32 3.32 7.21 
Vejen Kommune 69.77 22.16 26.09 3.60 9.45 
Aabenraa Kommune 71.86 16.30 21.45 3.25 6.73 
Fredericia Kommune 68.03 32.19 33.04 3.93 14.20 
Horsens Kommune 55.39 16.00 21.19 3.23 6.59 
Kolding Kommune 67.82 26.41 29.16 3.77 11.46 
Vejle Kommune 63.38 18.80 23.49 3.41 7.88 
Herning Kommune 71.22 28.99 30.93 3.85 12.68 
Holstebro Kommune 66.60 21.87 25.87 3.58 9.31 
Lemvig Kommune 81.88 36.81 35.95 4.00 16.42 
Struer Kommune 71.86 22.71 26.50 3.62 9.71 
Syddjurs Kommune 71.45 22.29 26.18 3.60 9.51 
Norddjurs Kommune 64.89 24.69 27.94 3.71 10.64 
Favrskov Kommune 82.35 32.81 33.44 3.94 14.50 
Odder Kommune 89.39 24.69 27.94 3.71 10.64 
Randers Kommune 77.79 20.62 24.92 3.52 8.73 
Silkeborg Kommune 90.61 37.90 36.61 4.01 16.95 
Samsø Kommune 65.40 21.80 25.82 3.58 9.28 
Skanderborg Kommune 65.63 24.69 27.94 3.71 10.64 
Aarhus Kommune 63.02 21.59 25.66 3.57 9.18 
Ikast-Brande Kommune 80.79 25.00 28.16 3.72 10.79 
Ringkøbing-Skjern Kommune 75.08 24.39 27.72 3.69 10.50 
Hedensted Kommune 93.30 40.35 38.08 4.03 18.14 
Morsø Kommune 82.59 30.58 31.99 3.89 13.43 
Skive Kommune 73.33 27.14 29.67 3.80 11.80 
Thisted Kommune 77.13 29.63 31.36 3.87 12.98 
Viborg Kommune 78.09 29.47 31.25 3.86 12.91 
Brønderslev Kommune 64.46 24.69 27.94 3.71 10.64 
Frederikshavn Kommune 84.45 24.69 27.94 3.71 10.64 
Vesthimmerlands Kommune 61.77 22.41 26.28 3.61 9.57 
Læsø Kommune 93.32 33.24 33.72 3.95 14.71 
Rebild Kommune 52.42 18.55 23.29 3.40 7.77 
Mariagerfjord Kommune 63.18 22.26 26.16 3.60 9.50 
Jammerbugt Kommune 83.60 28.84 30.83 3.85 12.61 
Aalborg Kommune 84.96 24.69 27.94 3.71 10.64 
Hjørring Kommune 65.63 24.26 27.63 3.69 10.44 
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Appendix G. Sample recipes for main courses 

    

Fried meat 
balls wih 

cabbage stew 
Salmon with sauce 

holandaise 
Vegetarian chili pot 

with beans 
Rice grams   52.2 

Wheat flour grams 5.5 7.2  
Bulgur grams 6.1   
Maize starch grams 28 1.52  
Oat flakes grams 5.5   
Minced pork grams 54.9   
Salmon filet grams  100  
Wholemilk grams 141.19   
Semi-skimmed milk grams  40.3  
Eggs grams 7.3   
Butter grams 16.78   
Margarine grams 10.02   
Rapeseed oil grams   2.0 

Green pepper grams   67.2 

Onion grams 14.6  22.4 

Green cabbage grams 84   
Leaks grams   41.8 

Carrots grams 47.1  66.6 

Peas, frozen grams  75  
Baked beans, canned grams   62.7 

Tomato concentrate grams   6.0 

Chopped tomatoes, canned grams   109.5 

Potatoes grams 167 194  
Hollandaise sauce extract grams  19.72  
Veal stock grams 1.6   
Vegetable stock grams 1.44 1.79  
Salt grams 2.6 1 3.3 

Pepper grams 0.1   
Garlic pepper grams   0.3 

Paprika grams   1.5 

Dried chili grams   0.4 

Thyme grams   0.9 

Muscato, powdered grams 0.11   
Water grams 70.6     

Other inputs    
Dietary units 0.375 0.375 0.375 

Dish-specific personnel time minutes 1 1 1 

Electricity kWh 1.9 1.3 1.3 

Other Dish-specific costs € 1.44 1.44 1.44 
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