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Supplementary Material 2: Further information in the framework application
1. Text SM2 – 2A Methods (Step 3 of the framework)
Many techniques allow the assessment of environmental impacts of WWTP, such as LCA, Benchmarking, indicators, Carbon Footprint and Water Footprint, Material Flow Analysis, among others. Material Flow Analysis allows the assessment of a current status/situation and on a spatial/regional scale, and is considered an excellent instrument for public policy decision-making, as well as encouraging sustainable approaches, for example, planning and choosing strategies for resource recovery [175]. Material Flow Analysis approach is similar to the Step 3 of the proposed framework.
In this study, steps from 1 to 3 (of Material Flow Analysis-MFA) were done: the identification of the key (material flow related) issues; system analysis (selection of the relevant matter, processes, indicator substances (elements), and system boundaries); and quantification of mass flows and concentrations of indicator substances [37, 176]. The system analysed was the WWTP ABC.
Table A presents the main characteristics of the MFA for this study to meet step 3 of the framework. The table was based on the structure proposed by Krause and Rotter [177].
Table A- Characteristics of the Material Flow Analysis of WWTP ABC
	Defining element
	Description of the system

	
Problem description
	(i) Wastewater contains resources that could be recovered during the treatment processes in the WWTP; (ii) increasing demand for water, energy and nutrients in the study area

	Activities developed in the analyzed system
	Municipal wastewater treatment; non-potable water reuse

	
Specific objective
	(i) to characterize qualitatively and quantitatively the flows of materials in the treatment units of WWTP ABC; from this, (ii) to recommend operational and technological strategies of resources recovery that could be implemented.

	Spatial boundary
	Treatment processes of WWTP ABC

	Temporal boundary
	1 year

	Indicators
	Concentrations of COD (organic matter), N, P, wastewater flow rates in different locations during the treatment, and reclaimed water



2. Text 2B- Results: Step 1 (description of treatment units)
The following information is based on the WWTP project and considers the final stage/expected treatment capacity (8.5 m³/s). The plant has two course screens with space of 80 mm between bars. Each screen has a usable width of 3 m and a thickness of 12 mm. The maximum flow rate per screen is 6.1 m³/s. The screening material is removed and stored in containers (capacity of 3.5 m³), and then is transported to be disposed of in landfills. The lift station is located downstream of the coarse screen and has the function of raise the sewage so that the sewage flow occurs by gravity in the following units of the liquid phase of the plant until the discharge of treated effluent. This plant has two medium screens (space of 25 mm). The maximum flow rate per screen is 6.1 m³/s. The width of the channel is 2.6 m and the thickness of bars is 15 mm.
Another stage in the preliminary treatment is the grit chamber. In this plant, there are aerated grit chambers and a clamshell removes the deposited grit. About 85-90% of grit material with diameter equal or higher than 0.2 mm is captured. The plant has three grit chambers with total volume of 3,282 m³. The air flow rate (m³/min.m) is minimum: 0.13 and maximum: 0.45.
The next step is the primary settling tank. The plant has eight primary settling tanks, which is equivalent to a total volume of 37,800 m³. The hydraulic retention time with the mean daily flow rate is 1.14 minutes, and 0.86 minutes with the maximum hourly flow rate. There are mechanized sludge scrapers that direct the sludge to concentration wells, from where the sludge is pumped to the thickeners by gravity.
The biological treatment occurs by conventional activated sludge process. There are eight aeration tanks, which are fed with effluents from primary settling tanks plus recirculated activated sludge from secondary clarifiers. The dimensions of the aeration tanks are: 25.5 m wide, 115 m long, average water height of 6 m, and unit volume: 17,595 m³. Considering all tanks, the volume is 140,760 m³. Detention time is 4.32 days.
There are 14 secondary clarifiers in the plant, with a total volume of 93,016 m³. The retention time is 2.86 hours with the mean wastewater flow rate and 2.12 hours with the maximum flow rate. The maximum flow rate of recirculation is 32,555 m³/h. 
The solid phase treatment consists in four thickeners by gravity with mechanical removal (by pumps) of the thickened sludge and the exit of the liquid supernatant is by gravity. Also, there is a fine screen (space of 6 mm) located upstream of gravity thickeners. There are six flotation thickeners with dissolved air, and the exit of its liquid supernatant is by gravity. Then, the stabilization of sewage sludge is by anaerobic digestion (in two stages). The plant has eight digesters with hydraulic retention time of 22 days. There is a chemical conditioning of the digested sludge (with dosing of FeCl3 and CaO) for further dewatering by press filters. There are 150 filters with capacity of 15 m³ and operates 16h per day.
All the units of each stage of treatment did not operate all the time. During the evaluated period there were one course screen and one medium screen, two grit chambers, four primary settling tanks, four aeration tanks and five secondary clarifiers operating.
In this plant there is a Non-Potable Water Reuse Unity. In this unity, the effluent passes through a basket filter system (spacing of 0.6 mm) and hypochlorite dosage. It should be noted that in the analysed period, due to operational problems, there was no addition of hypochlorite.

3. Text 2C - Step 2
In Biritiba Mirim the agriculture is the main economic activity, and in Salesópolis agriculture is the third more important economic activity [41]. There are 71,873 processing industries in the ABC region and Sao Paulo city [39].
Regarding all analysed municipalities of the broader area (Group 2), the predominant economy activity is services [41].  
From the perspective of installed production competence, the economic sectors that are considered strategic in the municipalities of ABC region in the industrial sector are: manufacturing of parts and accessories for vehicles; manufacturing of vehicles, buses and pickup trucks; manufacturing of plastic and rubber products; metallurgy and production of metals; chemicals production, and in services sector: information technology; and transport and logistics [40].
Some examples of industrial complexes in this region are Brazilian Complex of Cosmetics, Capuava Petrochemical Complex, Sertaozinho Complex of industries, and Technological Complex of Pottery [42]. Group 1 concentrates many vehicle companies: Volkswagen, Ford, Mercedes-Benz, General Motors and Scania [183].
There are urban Agriculture Programs in Diadema and Santo Andre [186], with 26 community gardens in Diadema [187], about 40 community gardens in Sao Paulo city (East zone) [44] and an urban farm located in Mercedez-Benz factory.

4. Text 2D- Step 3
The processes of Aquapolo Project for industrial reuse are advanced treatment with disc filters (400 microns), anoxic reactor, aerobic reactor, membrane bioreactor (with 0.05-micron pores) and reverse osmosis [191].
Regarding Table 3, there were missing data on grit and screening material generation for four months and three months, respectively, during the first year monitoring period due to maintenance of these units (the facility did not measure the generation during these months.

5. Text 2E- Step 4
Most common water applications in industries are: sanitary (restroom, kitchen and others with direct human contact), raw material (water incorporated in the final product or the water used to obtain an intermediate product, auxiliary fluid (for cleaning or chemicals reactants and solutions preparation), electricity generation, fluid for heating or cooling and others (e.g. irrigation of green areas) [62].
The urban demand for non-potable urban purposes (irrigation of parks, squares, public cleaning, clearing of rainwater galleries and sewage networks) is difficult to estimate (due to lack of monitoring/available data) and it is variable.

6. Text 2F- Step 5
-It is worth highlighting the sludge management is complex and surpass the boundary of WWTP.
-Other water reuse regulation is CNRH 153/2013, which establishes guidelines for aquifers recharge.
-Examples of vehicles wash covered by the resolution n.1 (2017): cars, trains, bus, airplanes and trucks for waste collection [68].
-The State Water Council established CRH 204 (in 2017) to complement the resolution (n.1/2017) [67].
-Complement regarding Decree 48138- except the cases where the existence of material that is harmful to health is confirmed.
-At the city level, Sao Paulo has the legislation 16174/2015 which establishes rules and measures to promote water reuse for urban non-potable purposes from treated effluents and rainwater harvesting [189]. Other example of municipal legislation is of Sao Caetano do Sul city (5329/2015) which mentions the incentive to use reclaimed water for purposes that tolerate lower quality water, in industry, commerce and general services, not including human consumption and food preparation, among other activities which require potable water [188].
-There is a regulation that determines the quality of biomethane from landfills and wastewater treatment plants (ANP -Brazilian National Agency of Petroleum, Natural Gas and Biofuels, 685/2017) [184]. In the State of Sao Paulo, ARSESP (Regulatory Agency of Sanitation and Energy of the State of Sao Paulo) regulates (deliberation n. 744/2017) the conditions for distribution of biomethane from agrosilvopastoral waste, solid urban waste and sewage treatment plants. The regulation REN 687/15 (ANEEL) [178] complements the regulation 482/2012.
-The State of Sao Paulo set as a goal to increase, until 2020, the participation of 55% to 69% of renewable energies in the final consumption of energy of the State (including biogas) [190].
-Sewage sludge legislation includes requirements such as environmental permission of the facility which produces the fertilizer based on sewage sludge. In comparison to previous regulations, this regulation is more flexible; for example, it does not require analyses of some parameters such as viruses [80].
-The standard n. 25 (MAPA, [180]) considers sewage sludge as an organic fertilizer and classifies it in group D specifying the conditions of its composition and label (with nutrients content and restrictions of application). According to this standard, the use of this type of fertilizer is forbidden for pastures and cultivation of vegetables, tubers and roots, and flooded crops, as well as other crops whose edible part encounters the soil. The standards n.27 and n. 07 (MAPA) [179, 181] establish the maximum limits for contaminants (e.g. pathogens and heavy metals) in organic fertilizer and for soil conditioner.
-The forecast of Municipal Plan of Sanitation of Sao Paulo includes incentive programmes for water reuse produced by the WWTP for urban reuse, civil construction applications, and irrigation of certain crops, practices to accelerate the reuse of biosolids, and to implement systems of biogas recovery [85]. Biosolids are defined as the sludge treated at a level (e.g. anaerobic digestion, alkaline stabilization and others) that allows its application for different further uses or safe disposal [192].
7. Text 2G- Step 6
	-Stakeholders identified in Group B: Federal University of ABC (UFABC), Universidade Metodista de Sao Paulo, Unifesp (campus Diadema) and University of Sao Paulo. These institutions were identified based on CERTI [40]. Main research groups related to the field were identified: International Reference Centre on Water Reuse (CIRRA-USP), Research Group in Water, Sanitation and Sustainability (USP), Technologies in Environmental Sanitation group (UFABC), Bioenergy research group (USP), Renewable Energy group (UFABC) and INOVAUFABC (innovation agency). Some companies were identified as recovery technologies suppliers (sewage sludge treatment): Arcori Process solutions, Estre; Oxien (energy and phosphorus recovery); Algae Biotecnologia (microalgae solutions).
	-Stakeholders group C: main local farmers associations Collectives Cooperapas (Agroecological Cooperative of Rural farmers of Água Limpa and South Zone of Sao Paulo), APROATE (Association of organic farmers of Alto Tietê) and Municipal Agriculture Houses, the private company BeeGreen responsible for a vertical farm in São Bernardo city, Trade and Industrial Associations of ABC region cities, ABISOLO (Brazilian Association of Industries of Technology in Vegetable Nutrition).
	-Stakeholders group D: water resources secretaries and the River basin Committee of Alto Tietê -subcomitee Billings Tamanduateí, Municipal secretaries of environment, Federal Superintendence of Agriculture, Livestock and Food Supply of São Paulo, Secretary of Agriculture and Supply of the State of Sao Paulo, the environmental regulatory agency CETESB office in Sao Paulo city (Santo Amaro), Municipal Council for Sustainable and Solidary Rural Development. Additional stakeholders could be mapped such as the ones for funding (Brazilian Development Bank-BNDES, The Brazilian Innovation Agency- FINEP, donor agencies, foundations, impact investors or private funding), and stakeholders for supporting through public awareness activities related to resource recovery acceptance (NGOs) (e.g. Institute GEA- Ethics and Environment, and Global Sustainable Development Association of São Bernardo do Campo).
8. Text 2H-Steps 7 to 9
-In scenario D, main processes for pre-treatment for extra drying of biosolids (dewatered sewage sludge) are belt dryers, fluidized bed dryers and rotary dryers, disc, paddle and thin film dryers; solar drying; or by recovering residual heat from the cement kiln for drying the biosolids [98-100]. 
-The estimate on thermal energy recovered by Scenario D in relation to the total energy demand considered the data from 2013 (most recent data) regarding thermal energy consumed by the cement industries (GJ per ton of cement), and the capacity of cement production per year in the cement industry with kiln for clinker production (megatonnes per year), in industries which are closer to the WWTP (in Salto de Pirapora and Votorantim cities) (data from Cetesb [166]). Considering these two cement industries with kiln for clinker production, the thermal energy recovered by Scenario D could meet 2.3% of the total thermal energy demand annually.
-Besides economic benefits, resource recovery can generate societal value/benefits. For small producers (farmers), nutrient recovery can improve their life quality, reduce their expenses with fertilizer, and increase their production [26]. 
-One limitation of the study was to estimate the costs of recovery technologies due to no real application/implementation in the area.
-Depending on the composition of struvite, other fertilizers rich in N and K may be needed to meet the nutrient requirements based on the demand by the market in the region.
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