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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The purpose of this paper (parts I and II) is to examine the socio-technical factors that affect urban food production and associated 
energy, water and waste services. Part I introduced the growing role of prosumers, discussed the context of the human relationship 
with food and demonstrated how citizens’ choices and actions regarding food consumption and production in urban settings are 
shaped by the economic, cultural and infrastructure systems in which they live. A residential estate on the urban fringe of Australia’s 
subtropical Gold Coast was described, setting the context for a mixed methods analysis of quantitative and qualitative data gathered 
through estate maps, development planning documents, visual observations, interviews and surveys.  Part II presents the results, 
analysed around the themes of food production, consumption and development infrastructure (physical and social). An integrated 
approach to land-use, energy, water and waste was instrumental in enabling ubiquitous high biodiversity food production, 
highlighting planning decisions that affect the ability of urban prosumers to incorporate sustainability into their food practices. The 
case study demonstrates that an integrated approach to urban infrastructure can support and enable urban prosumer food practices. 
A framework to evaluate urban neighbourhoods in terms of potential for creating synergies between land use, water, waste and 
energy infrastructure is presented and an initial performance indicator framework is proposed, to understand, develop and manage 
prosumer-driven urban agriculture in the context of integrated energy, water, waste and food services. 
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1. Introduction 

Part I introduced the growing role of prosumers in energy and transport services and asked if this social 
phenomenon could be applied to urban agriculture and other infrastructure services. It discussed the context of the 
human relationship with food and demonstrated how citizens’ choices and actions regarding food consumption and 
production in urban settings are shaped by the economic, cultural and infrastructure systems in which they live. A 
residential estate on the urban fringe of Australia’s subtropical Gold Coast was described, setting the context for a 
mixed methods analysis of quantitative and qualitative data gathered through estate maps, development planning 
documents, visual observations, interviews and surveys.  This paper (Part II) presents the results, analysed around the 
themes of food production, consumption and development infrastructure (physical and social).  

2. Results 

2.1 Food production distribution and diversity 

The Land Use Survey indicated that 75% of households were growing vegetables, 80% were growing fruit and 
23% had chickens. All occupied houses had evidence of food production. These results likely show the minimum food 
production distribution, as the survey was conducted from public access areas (i.e. streets and laneways, not from 
within each private lot). Other limitations of the survey include: (i) potential inexperience of the surveyor (e.g. inability 
to recognize fruit and vegetable plants for this climate zone); (ii) the nature of the gardens (e.g. fruit and vegetables 
interspersed with non-food plants, making them more difficult to see and identify) and (iii) the seasonal nature of 
growing food. The diversity and quantity of food types, derived from the online survey of 16 households, is shown in 
Table 1. The number in brackets indicates the number of plants recorded by the 16 households; no number beside a 
plant name means that the quantity of plants was not specified. Fruit and vegetables in highlighted text means that 
more than 50% of respondents grew these foods.  In addition to these edible plants, 43% of online survey respondents 
had chickens, used for eggs (not meat). 85% of these respondents used chicken manure as fertilizer for their gardens 
and 71% used the chickens as a means of weed and pest control. Chickens were fed on a mixture of prepackaged 
animal food, household organic waste and garden waste. 

 
2.2 Food production and consumption practices 

Self-reported food production practices were analysed according to the themes of fertilizer, water, pest control and 
general challenges. The most common gardening ‘fertilizers’ included leaf litter and garden waste (87.5%), household 
/ kitchen organic waste (81.25%), local unprocessed animal manures (75%), rock minerals (68.75%) and mushroom 
compost (62.5%). Recycled water and rainwater (natural rainfall and stored rainwater) were used to irrigate vegetables 
(50% rainwater, 68.75% recycled water) and fruit trees (37.5% rainwater, 68.75% recycled water). Residents in the 
‘highlands’ area of the estate are not connected to the reticulated recycled water system, and supplement rainwater 
with grey water for garden irrigation. For pest management, 62.5 % of households reported using physical pest 
boundaries (e.g. bird nets, fence) or non-invasive pest control (e.g. fruit fly traps, plants), (Fig. 1e, f). The common 
challenges faced by respondents were classified into three main categories, as shown in Table 2. Production in excess 
of immediate household needs was distributed within the estate or to friends/family outside of the estate (87%), 
exchanged with neighbors within the estate in return for other food items (43%), frozen (68%), dried (13%), preserved 
(31%) or stored (19%). The majority of respondents were unable to estimate the proportion of their food consumption 
that was self-produced and food was sourced from other people within this estate (swapping, sharing), local farmers’ 
markets, through collective ‘bulk’ purchases (e.g. meat, milk) direct from primary producers, and from supermarkets.  

2.3 Urban and social infrastructure 

Four key infrastructure types, instigated by the developer and now managed by the residents, were identified as 
being collectively instrumental in enabling a sharing-economy with relation to food, water, waste and energy.  

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2019.02.103&domain=pdf
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 Physical infrastructure: estate level sewage treatment plant with reticulated recycled water to all households. 
Reticulated liquid petroleum gas to all households. Water sensitive urban design (Fig. 1a). Equatorial orientation 
of all house lots. Edible plants used for street and path plantings (Fig. 1h). Community waste/resource center 
(common mail and waste facilities incorporating facilities for sharing of ‘unwanted / pre-used’ resources, 
upcycling of goods, building / repairing equipment with shared tools, and sorting remaining waste for municipal 
collection for regional recycling or landfill), (Fig. 1g).  

 Governance infrastructure: construction covenants require individual households to have rainwater 
collection/storage (relative to the size of the dwelling), solar hot water, solar photovoltaics and energy efficiency 
measures (Fig. 1 b, c, d). Allotment restrictions predetermine the location and size of dwellings to reduce embodied 
energy and protect solar rights for both the house and productive garden. The construction management plan aims 
to limit compaction of soil during construction works and negative impacts on hydrological flows. The  body 
corporate structure enables community management of common land 

 Social infrastructure: an online community portal is used for (i) sharing-economy activities relating to food, labor, 
household goods, transport and information; (ii) organizing collective ‘bulk purchasing’ of horticultural products 
such as mulch, compost, fertilizer, minerals, plants and pest control devices direct from farmers / wholesalers; and 
(iii) managing collective activities such as pest control regimes or revegetation of natural bushland areas. 
Limitations to fencing between individual houses encourages social interactions that have further resulted in some 
households sharing ownership of chicken coops and garden maintenance equipment. Community gardens initially 
proposed by the developer have not yet been established (as it appears the ‘communal’ food production needs are 
being met by other measures).    

 Economic infrastructure: establishment of a community company, whose membership is open to all residents and 
tenants, to undertake economic activities for the benefit of its members. Such activities include bulk purchasing of 
household cleaning products direct from the manufacturer (and compatible with the estate’s sewage treatment 
plant) and various market stall activities, with proceeds invested in equipment to enable greater community 
sustainability. A planned commercial center is still under development. 
 

Table 1. Diversity of edible plant production in the residential estate 

Fruit  Apple (6), Amla (1), Avocado (7), Banana (31), Blueberry (13), Black Sapote (2), Brazilian cherry, Custard Apple (4), 
Davidson plum, Dragon Fruit, Feijoya (9), Grumichama (10), Guava (11), Jaboticaba,  Japanese Raisin (5), Jelly Palm (1), 
Kiwi fruit, Lime/Lemon/Lemonade (21), Loquat (3), Longan/Lychee (4), Mandarin, Mango, Melons (rock, water), 
Monsteria (4), Mulberry, Nectarine, Olives,  Orange (16), Papaya/Paw Paw, Passion Fruit, Peach (8), Pear (3), Pepino (1), 
Pineapple (28), Plum (3), Raspberry, Star Fruit (3), Strawberries, Tamarillo (6), Tomatoes, Wampee (1)  

Nuts Pecan, Macadamia 

Vegetables Asian greens (pac choi, boc choi, mizuna, tatsoi etc), Asparagus, Aubergine/Eggplant, Brazilian spinach, Broccoli, 
Cabbage, Capsicum, Carrots, Cauliflower, Celery, Chillies, Corn, Cucumber, Leek, Legumes, Lettuce, Mushroom, 
Onion, Potato, Pumpkin, Spinach/Kale/Silverbeet, Spring Onion, Sweet Potato, Turnip  

Herbs Arrowroot, Basil, Bay leaves, Chives, Comfrey, Coriander, Cress, Dill, Fenugreek, Garlic, Ginger, Kafir lime, Lemon Balm, 
Lemongrass, Mixed Herb Plant, Mint, Mustard, Oregano, Parsley, Rocket, Rosemary, Sage, Sarsaparilla, Tarragon, Thyme, 
Turmeric, Yacon 
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 (a)  (b) 

 (c)  (d) 

 (e)  (f) 

 (g)  (h) 

Figure 1. (a) water sensitive urban design; (b, c, d) detached houses showing integrated passive design features, solar energy, rainwater storage, 
and mixed productive / native gardens; (e) poultry and vegetable garden with pest control barriers; (f) raised vegetable gardens with integrated 
natural pest control; (g) community post boxes and ‘reusable materials’ sorting bins; (h) fenceless integration of common areas (walking and 
cycling path with fruit tree plantings and shared open space) with household  domestic garden and water storage.   

Table 2. Main challenges 
Biological 
challenges 

Insects (e.g. fruit fly, cabbage moth, scale) 
Bacteria and Fungi 
Fauna (e.g. birds, bats, kangaroos, hares, bandicoots, native and introduced rodents, snakes, dogs, foxes) 
Weeds (spread by wind, rain, fauna and human activity) 
Soil chemistry  

Knowledge 
challenges 

Appropriate crops for the climate, soil and space availability (to minimize failures and optimize yields for minimal effort) 
Horticultural methods, resources, pest control, crop cycles, crop rotation, harvesting 
Food preparation and preservation options 
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Figure 1. (a) water sensitive urban design; (b, c, d) detached houses showing integrated passive design features, solar energy, rainwater storage, 
and mixed productive / native gardens; (e) poultry and vegetable garden with pest control barriers; (f) raised vegetable gardens with integrated 
natural pest control; (g) community post boxes and ‘reusable materials’ sorting bins; (h) fenceless integration of common areas (walking and 
cycling path with fruit tree plantings and shared open space) with household  domestic garden and water storage.   

Table 2. Main challenges 
Biological 
challenges 

Insects (e.g. fruit fly, cabbage moth, scale) 
Bacteria and Fungi 
Fauna (e.g. birds, bats, kangaroos, hares, bandicoots, native and introduced rodents, snakes, dogs, foxes) 
Weeds (spread by wind, rain, fauna and human activity) 
Soil chemistry  

Knowledge 
challenges 

Appropriate crops for the climate, soil and space availability (to minimize failures and optimize yields for minimal effort) 
Horticultural methods, resources, pest control, crop cycles, crop rotation, harvesting 
Food preparation and preservation options 
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Water, 
climate, 
energy  
challenges 

Annual mean humidity 65%; annual mean temperature 10 – 28oC, range 2.5 – 39oC; mean daily sun exposure 12 – 26 MJ/m2 
Rainfall seasonality/intensity (mean annual rainfall 1500mm; 82% over 8 months; 4 ‘dry’ months; record 600mm in 24 hrs) 
Recycled water availability / nutrient load 
Impact of food production/processing/preservation on household energy balance  

 

3. Discussion  

This case study has demonstrated that urban land developers can provide both hard and soft infrastructure that 
supports the development of food production and purchasing options consistent with the sharing-economy approach. 
The high biodiversity of food crops was particularly supported by the multi-faceted water supply strategy. An 
independent analysis of the wastewater treatment plant for the period 2010-2011, showed this estate exhibited 91% 
self-sufficiency in potable and non-potable water (a combination of green water and reticulated recycled black water), 
with the remaining 9% from bore water (blue water). All treated wastewater was used onsite (i.e. there was no offsite 
discharge). The energy intensity of the system was 1.67kWh/kL and fugitive emissions for this type of treatment plant 
were estimated at 5.35 kg CO2-e/kL (1). A 14 kW roof-mounted PV system now provides more than sufficient 
electricity to meet the system’s annual and seasonal energy demand, but no measures have been implemented to reduce 
fugitive emissions. Household gross energy consumption in 2012 was reported as 58% less than households in a 
neighbouring estate, attributed to requirements for incorporating sustainability features into the house designs (2). The 
estate’s energy strategy and construction requirements further supported the ubiquitous food production, processing 
and preservation that in turn influenced solid waste streams. Household biological waste appears to be typically kept 
on site and composted or fed to chickens, carbon based waste such as paper and cardboard is frequently re-used or 
composted, and glass containers are re-used within the community for preserves. The social infrastructure and 
supporting technology promoted a collective culture of sharing and learning that supported successful food production 
and the operation and maintenance of water, energy and waste technologies.  

The food practices reported in this estate reinforces findings from other literature, such as the role of planners in 
supporting sustainable food production (3), the role of a digital environment in blurring distinctions between 
consumption and production (4), the role of urban domestic gardens in promoting fauna and flora biodiversity (5, 6), 
and the need for enablers such as participant awareness, skills and collaborative behaviours (7).  This estate also seems 
to have avoided some of the challenges identified in an analysis of US urban agriculture case studies (8), such as 
economic viability, lack of infrastructure, unclear land tenure and utilization rights, and undeveloped markets or 
distribution channels. Similar to the US study, however, this estate did reveal that residents are not trained farmers 
(although some are experienced gardeners), and thus the high value this community placed in the online portal for 
robust knowledge and skills sharing as well as for distributing surplus goods or organizing bulk purchases of farming 
supplies.  

The incorporation of food production at the planning stage of this urban development is in itself an innovation, 
providing evidence that it is possible to capture the synergies that exist between water, energy waste and food, within 
an urban context – if implemented at the planning and development stage. Gulick (3), Tornaghi (9) and Horst et al 
(10) are among researchers who argue that  planning systems have a role in enabling sustainable food systems, but no 
previous research (to this author’s knowledge) has examined urban food systems from the perspective of the synergies 
such systems could have with other urban infrastructure and with emerging sharing economy approaches. This case 
study raises the question of whether the practices deployed in this subtropical neighbourhood can be more broadly 
applied within and beyond Australia. To examine this possibility a framework for evaluating potential synergies 
between wastewater treatment, rainwater harvesting, solar energy utilization, food production and solid waste 
recycling in urban neighborhoods or precincts in general is proposed in Table 3. This framework suggests four main 
criteria – the suitability of a particular site, the urban form, the climate and local demand – each with sub-criteria that 
have the potential to impact on the potential for distributed water, energy, food or waste systems. The letter ‘Y’ 
(indicating ‘Yes’) is used to identify sub-criteria that could be important considerations for the five different 
distributed systems under consideration. For example, under the main category of ‘site suitability’ the terrain slope, 
drainage and soil type will not impact on rainwater harvesting, solar energy or solid waste recycling potential, but do 
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have an impact on wastewater treatment and food production options. On the other hand consideration of 
environmentally sensitive areas within a particular site is a consideration of all five distributed systems. This 
framework could be used to guide an evaluation of a particular urban neighborhood for its potential suitability for 
optimized and co-beneficial distributed systems within a particular urban area, regardless of geographic or cultural 
context.  

 
Table 3 Synergies in the suitability criteria for distributed water, energy, food and waste systems in urban precincts 
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Terrain slope and drainage patterns Y   Y  
Soil type (and contamination) Y   Y  
Groundwater vulnerability and aquifer properties Y Y  Y Y 
Flood risk and flood management Y Y  Y Y 
Environmentally sensitive areas  Y Y Y Y Y 
Local ecological needs (e.g. fauna, flora, urban heat island mitigation) Y  Y Y  
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Urban form and density Y Y Y Y Y 
Existing infrastructure and capacity  Y Y Y Y Y 
Land use availability and changes Y Y Y Y Y 
Land orientation / access to solar radiation   Y Y  
Atmospheric pollution / smog  Y Y Y  
Social infrastructure and supportive technologies (sharing economy) Y Y Y Y Y 
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Expected waste flows (water, solid waste, food) Y   Y Y 
Expected local yield (water, energy, food, reclaimed waste) Y Y Y Y Y 
Expected consumption (water, energy, food, reclaimed resources) Y Y Y Y Y 
Projected population and demographic profile Y Y Y Y Y 
Workforce availability, capacity, capability Y Y Y Y Y 

Cl
im

at
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y Annual profiles  Y Y Y Y Y 
Seasonal profiles Y Y Y Y Y 
Extreme weather events Y Y Y Y Y 
Changing climate Y Y Y Y Y 

 
In addition to evaluating the potential for infrastructure synergies to urban agriculture in a sharing-economy, there 

is also a need to develop a mechanism to enable evaluation of the performance of such systems. An initial set of 
performance indicators to understand, manage and improve the level of prosumer-based urban agriculture that 
simultaneously addresses energy, water, waste and food, is proposed in Table 4. This evaluation framework uses the 
extended Triple Bottom Line (TBL) sustainability reporting framework developed by the EU CityKeys project that 
added governance and propagation aspects to the traditional 3Ps of sustainability (profits, people and planet) (11). 
This approach is also consistent with Tornaghi’s proposed research agenda for urban agriculture (9), to not only 
consider the economic, social and environmental implications of these initiatives, but also the governance and policy 
implications. A few key performance indicators (KPIs) are suggested as a starting point while acknowledging that 
these KPIs may also present a data challenge, in particular because of the informal nature of some of the activities 
(e.g. transactions between people). For example, Reynolds (12) estimated that informal waste disposal methods 
accounts for 13% of total food waste and 2% of Australia’s waste stream, but is ‘invisible’ to policy makers. While 
some generic KPIs might be suitable across multiple urban developments, it is envisaged that other KPIs would likely 
need to be bespoke to each specific location, reflecting the unique quality of the social, environmental, economic, 
governance conditions. It is also important that KPIs are developed to enable assessment of whether particular urban 
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agriculture approaches further entrench social or economic disadvantage or injustices, as alluded to in a number of 
recent studies (9, 10). 
 
Table 4. Performance indicator framework for food/water/waste/energy production in urban precincts (adapted from EU CITYkeys project (11)) 
Sustainability Possible indicators 
People % of precinct population with access to locally produced food 

% of precinct population actively involved in water, food, energy production and waste recycling 
% of food / water / energy consumption produced at a precinct / neighborhood level 
Number of garden/horticultural/food processing education activities offered / attended 
M2 of land utilized for food production/per person within a precinct / neighborhood 

Planet % of household organic waste used for composting (household, neighborhood, municipal) 
% of household ‘wastewater’ reclaimed for urban food production 
Biodiversity and density of food crops grown in urban area 
Relative ratio of land use for food production:human habitation:ecosystem services  
Energy, water and carbon intensity of water/waste/energy/food consumption and respective management systems 

Prosperity Number of jobs in urban food production, water harvesting, waste management and renewable energy generation 
% of production / consumption from shared economy models (food, water, energy, waste) 
Urban area attractiveness 
Climate and economic resilience  
Availability and utilization of sharing economy technologies  

Governance Level of community engagement (in management, participation, governance) 
Implementation of measures to quantify production and consumption (food, water, waste, energy) 
Measures to manage potential biosecurity and health risks (i.e. land, water, animal and plant health) (13) 

Propagation Scalability, replicability and adaptability (to different cultural / climatic / economic / environmental/ governance conditions) 
 
 

4. Conclusion 
 

Energy and transport are two urban infrastructure services that are seeing a rise in collaborative consumption / the 
sharing economy and prosumption. This paper (parts I and II) sought to examine, through a sub-tropical Australian 
case study, whether other urban infrastructure services, namely food, water and waste, could similarly be transformed 
by, and benefit from, the rise of the prosumer. The case study demonstrated that the neighbourhood under examination    
had a high participation rate in food production (all households) and a high level of biodiversity in both food 
production species and in native flora and fauna. The key contributor to the generally successful integration of urban 
agriculture in this community, however, was the innovative approach of the developer in ensuring that food production 
was a key part of the planning process that sought to provide residents with physical, economic, social and governance 
infrastructure that enabled them to deal with biological, knowledge and climate related challenges. This study has 
demonstrated that it is possible to capitalize on the synergies between water, energy, food and waste, and to do so in 
a manner that supports collaborative consumption/prosumption and the sharing economy. Developers of urban 
precincts can play an important role in providing both the hard and soft infrastructure to support such synergies, 
however there is also a need for mechanisms to evaluate the synergies between the different infrastructure systems, 
and to measure material flows, infrastructure performance, environmental and economic impacts, and social 
acceptance. Without this data it will be extremely difficult to develop and report on the value system of such synergies. 
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