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Annexure 1

Program codes for DSS_IWWM

import

streamlit

as st
import pandas as pd
from PIL import Image
import numpy as np
st.set_page_config(layout="wide")
content = pd.read_csv("./dataframes/content_tech.csv")
st.subheader("Welcome to Decision Support System for Appropriate
Wastewater Treatment Technology Selection")
img = Image.open("./images/home.png")
st.image(img)
st.write("Water scarcity has been regarded as a global risk with potentially
devastating impacts. Climate change, exploding population, and
industrialization are the main drivers behind such an imbalance in safe
water availability. India is predicted to get most severely impacted by water
scarcity owing to its high urban population. To tackle this imbalance
between water demand and its safe availability, wastewater reclamation can
be seen as a potential source of water, which if treated, can boost water
availability as well as prevent environmental degradation. When treated
wastewater is reutilized after treatment, it is referred to as wastewater
reclamation. Municipal wastewater is considered a limitless source of water
due to its high biodegradability and low toxicity profile. Globally, 80% of
the wastewater generated is disposed of in the environment, causing
hazardous impacts on the receiving water bodies. The burden of
environmental degradation and water scarcity can be significantly reduced
by utilizing treated wastewater as a water source. Several industrial and
domestic activities do not require reliance on high-quality potable water but
can utilize reclaimed water to obscure the issue of water scarcity. By
observing the trend of water demand and the definition of relevant quality
criteria, raw wastewater can be treated to produce a secondary water
source.")
st.write("\n")
st.write("A technology that satisfies the demand of users with optimum
resource utilization is appropriate. The concept of appropriate technology
was given by economist Schumacher in his book “Small is Beautiful”.
Appropriate technology has the potential to serve the desired purpose with
no social, economic, or environmental ramifications. It is people-centric,
local condition-specific, cost-efficient, and sustainable in nature.")
st.subheader("Secondary Treatment Technologies™)
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st.write("These sewage treatment technologies depend on biological
processes for the decomposition of suspended and dissolved organic matter
present in wastewater. They employ cultured micro-organisms to
decompose organic matter and aid reproduction. Therefore, more
populations of microbes become available for carrying out the biological
decomposition of organic matter and obtaining treated wastewater. The
oxygen required by microorganisms to carry out this process is referred to
as Biochemical Oxygen Demand (BOD). These treatment processes can
take place in the presence or absence of oxygen, known as, aerobic
decomposition and anaerobic decomposition respectively. The associated
microorganisms are also categorized as aerobic and anaerobic bacteria
respectively. The aerobic process is suitable for the treatment of low
strength wastewater (bCOD<1000mg/l) while the anaerobic process is
considered suitable for high strength wastewater (bCOD>4000 mg/l).
Various treatment technologies considered in this tool, are discussed in this
section.")

data = content[content["Type"] == "Secondary Treatment Technologies"]
for i in data.index:

name = data.loc[i, "Name"]

desc = data.loc[i, "Content"]

with st.expander(name):

st.write(desc)

st.subheader("Emerging Technologies")

st.write("The main objective behind sewage treatment plants’ installation
is to improve the effluent quality for safe disposal or reuse. Production of
reclaimed water satisfying the desired quality criteria is the recent trend in
the wastewater treatment industry and hence to deal with the problem of
nutrient concentration in wastewater, several emerging treatment
technologies are employed, which are discussed in the following
paragraphs.™)

data = content[content["Type"] == "Emerging Technologies"]

for i in data.index:

name = data.loc[i, "Name"]

desc = data.loc[i, "Content"]

with st.expander(name):

st.write(desc)

st.subheader("Tertiary Treatment Technologies™)

st.write("Tertiary treatment technologies are utilised as polishing
technologies, to further reduce the concentration of minute or very low
concentration quality parameters.")

data = content[content["Type"] == "Tertiary Treatment Technologies"]
for i in data.index:

name = data.loc[i, "Name"]

desc = data.loc[i, "Content"]
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imp
ort
json

with st.expander(name):
st.write(desc)

import streamlit as st

import pandas as pd

import numpy as np

import plotly.express as px

from plotly.subplots import make_subplots

try:

st.set_page_config(layout="wide")

except:

Pass

st.markdown("# Appropriate Treatment Technology Selection™)
st.sidebar.markdown("# Appropriate Treatment Technology Selection™)

# input for raw waste water

waste_labels = ["BOD(mg/l)", "COD(mg/l)", "TSS(mg/l)", "TN(mg/l)",
"FC(MPN/1)"]

dev_labels = ['Land’, 'Power’, 'Capital Cost’, 'O&M Cost']

# this function will load the all the csv files which are preprocessed

def load_tech():

return (

pd.read_csv("./dataframes/tech_coeff _pri.csv"),
pd.read_csv("./dataframes/tech_coeff_sec.csv"),
pd.read_csv("./dataframes/tech_coeff ter.csv"),
pd.read_csv("./dataframes/reuse.csv"),
pd.read_csv("./dataframes/tech_stack_coeff.csv")

)

# this function will return a pandas.Series with boolean values where the
dataframe matches the desired target along with max land and max power
requirements

def match_for_config(df, targets, max_land, max_power, upgrade):

s=11

desired reuse_array = np.array([[v for k, v in targets.items()] for _ in
range(len(df))])

waste_values = df[waste_labels].to_numpy()

land_power = dff["Land", "Power"]].to_numpy()

land_power_max = np.array([max_land, max_power])

a = np.all(waste_values < desired_reuse_array, axis=-1)

b = np.all(land_power < land_power_max, axis=1)

if upgrade:

return a
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else:

return np.all(np.array([a,b]).T, axis=-1)

def build_bar(df, land_cost, power_cost):

df["after treatment”] = df[waste_labels].apply(lambda
"\n" join([f"{label}:{round(x[label], 2)}" for label in x.index]), axis=1)
df["Land"] = df["Land"]*land_cost

df["Power"] = df["Power"]*power_cost

# df["Land (Ha)"] = df["Land"]

# df["Power (kwh)"] = df["Power"]

# df["Capital Cost"] = dff"Capital Cost"] * 1000000

# df["O&M Cost"] = df["O&M Cost"] * 1000000

# st.write(land_cost)

st.write(df)

df.to_csv("test.csv", index=False)

figl = px.bar(

df,

x="Name",

y=["Capital Cost", "O&M Cost"],

barmode="stack",
color_discrete_sequence=px.colors.qualitative.Pastel,

# hover_data=["after treatment”, "Land", "Power"],

)

figl.update_xaxes(showgrid=False, title="Technology")
figl.update_yaxes(showgrid=False)

fig2 = px.bar(

df,

x="Name",

y=["Power", "Land"],

barmode="stack",
color_discrete_sequence=px.colors.qualitative.Pastel2,

# hover_data=["after treatment”, "Land", "Power"],

)

fig2.update_xaxes(showgrid=False, title="Technology")
fig2.update_yaxes(showgrid=False)

return figl, fig2

def build_scatter(df):

st.write(df)

df["after treatment"] = df[waste_labels].apply(lambda
"\n".join([f"{label}:{round(x[label], 2)}" for label in x.index]), axis=1)
max_size = df["Land"].max()

df["size"] = df["Land"].apply(lambda x: round(x*50/max_size, 2))
df["Land"] = df["Land"].apply(lambda x: str(x) + " ha")
df["Power"] = df["Power"].apply(lambda x: str(x) + " kWh")

fig = px.scatter(
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df,

x="Capital Cost weighted",

y="0&M Cost weighted",

size="size",

color="Power weighted",

hover_data=["after treatment”, "Land", "Power"],

text="Name",

)

fig.update_traces(textposition="top center")
fig.update_xaxes(showgrid=False)
fig.update_yaxes(showgrid=False)

return fig

# load the dataframes

tech_primary, tech_secondary, tech tertiary, reuse df, tech stack df =
load_tech()

st.write("\n")

st.markdown("### Raw Wastewater Parameters")

raw_waste_inputs = dict.fromkeys(waste_labels)

for col, label in zip(st.columns(5), waste_labels):

with col:

raw_waste_inputs[label] = st.number_input(label, step=1., format="%2.f")
st.write("\n")

# STP parameters

# put a horizontal line here

st.sidebar.write("\n")

st.sidebar.markdown("### STP Parameters")

stp_capacity = st.sidebar.number_input("STP capacity(MLD)", 0)
raw_waste_inputs[“cap_for_land"] = stp_capacity
raw_waste_inputs[“cap_for_power"] = stp_capacity
raw_waste_inputs[“cap_for_capital”] = stp_capacity
raw_waste_inputs[“cap_for_om"] = stp_capacity

max_land = st.sidebar.number_input(*Land upper limit(ha)", 0)
max_power = st.sidebar.number_input("Power upper limit(KWh)/day", 0)
# costs

st.sidebar.write("\n")

st.sidebar.markdown("### Costs")

land_cost = st.sidebar.number_input(Land Cost (Rupees per Ha)", 0)
eletricity _cost = st.sidebar.number_input("Eletricity cost (Rupees per kWh)",
0)

# weightage

cols = st.columns(4)

weights_coeff = {

1: 0.48,

2:0.24,
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3: 0.16,

4:0.12

}

reference = ["None"] + list(weights_coeff.keys())

avaliable_weights = reference

weights = dict.fromkeys(dev_labels, "None")

# 'Land’, 'Power’, 'Capital Cost', 'O&M Cost'

with cols[0]:

weights["Land"] = st.selectbox(""Land weightage", avaliable_weights)
with cols[1]:

weights["Power"] = st.selectbox("Power weightage", avaliable_weights)
with cols[2]:

weights["Capital  Cost"] = st.selectbox("Capital cost weightage”,
avaliable_weights)

with cols[3]:

weights|O&M  Cost] =  st.selectbox("O&M  cost  weightage”,

avaliable_weights)

if len(set(weights.values())) = 4:

_continue = False

st.error("Please select unique weight values for the parameters™)

else:

_continue = True

st.write("\n")

st.markdown("### Required Reuse purposes”)

desired reuse_selection = st.multiselect("Select your reuse purpose”,
reuse_df["Reuse"])

desired_reuse = dict.fromkeys(waste_labels)

required_demand =
reuse_df[reuse_df["Reuse"].isin(desired_reuse_selection)].reset_index().drop(
columns=["index"])

if len(required_demand) !'= 0 and _continue:

_text =]

for label in waste_labels:

_value = min(required_demand[label])

desired_reuse[label] = value

_text += [f"Minimum {label}: { value}"]

_ = [st.markdown(t) for tin _text]

st.write("\n")

upgrade = st.checkbox("Is there an already installed STP?")

if upgrade:

current_tech = st.selectbox("Select your technology", tech_primary["Tech"])

LPCO = tech_primary[tech_primary["Tech"] ==
current_tech][dev_labels].to_numpy()
# st.write(LPCO)
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LPCO *= stp_capacity

# st.write(LPCO)

LPCO = list(LPCO)

raw_waste_array = np.array([[v for k, v in raw_waste_inputs.items()] for _in
range(len(tech_stack df))])

after_treatment = tech_stack_df[waste_labels + dev_labels] * raw_waste_array
temp = after_treatment.copy/()

temp["Tech Stack"] = tech_stack_df["Tech Stack"]

temp["Capital Cost"] = (temp["Capital Cost"]).map(lambda x: round(x, 2))
temp["O&M Cost"] = (temp["O&M Cost"]).map(lambda x: round(x, 2))

if upgrade:

temp_no_upgrade = temp.copy()

temp = temp[temp["Tech Stack"].map(lambda X:
x.split("+")[0]==current_tech)].reset_index(drop=True)

# after_treatment = temp[waste_labels + dev_labels]

new_values = np.array([temp[waste_labels].iloc[0].to_numpy() for _ in
range(len(tech_stack_df))])

# st.write(new_values)

after_treatment[waste_labels] = new_values * tech_stack _df[waste_labels]

# temp_no_upgrade.loc[waste_labels + dev_labels] = after_treatment

# st.write(after_treatment)

# st.write(temp_no_upgrade.columns)
temp_no_upgrade[waste_labels]=after_treatment[waste_labels]

# st.write(temp_no_upgrade)

# st.write(temp)

# st.write(desired_reuse)

temp = temp[match_for_config(temp, desired_reuse, max_land, max_power,

upgrade)]

# st.write("non-supplementary™)

# st.write(temp)

if upgrade:

temp_no_upgrade = temp_no_upgrade[match_for_config(after_treatment,

desired _reuse, max_land, max_power, False)]
# st.write("supplementary™)
# st.write(temp_no_upgrade)

try:

if len(temp) != 0 or len(temp_no_upgrade) = 0:

temp["Land weighted"] = (temp["Land"] * land_cost *
weights[""Land"]).map(int)

temp['Power  weighted"] = (temp["Power"] * eletricity cost *

weights["Power"]).map(int)

temp["Capital Cost weighted"] = (temp["Capital Cost"] * 1000000 *
weights["Capital Cost"]).map(int)

temp["O&M Cost weighted"] = (temp["O&M Cost"] * 1000000 *
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weights["O&M Cost"]).map(int)

temp["Total Cost weighted"] = temp["Land weighted"] + temp["Power
weighted"] + temp["Capital Cost weighted"] + temp["O&M Cost weighted"]
show_in_graph =[]

top_n=5

names = []

if upgrade:

temp_no_upgrade["Land weighted"] = (temp_no_upgrade[“Land"] * land_cost
* weights["Land"]).map(int)

temp_no_upgrade["Power weighted”] = (temp_no_upgrade["Power"] *
eletricity_cost * weights["Power"]).map(int)

temp_no_upgrade["Capital Cost weighted”] = (temp_no_upgrade["Capital
Cost"] * 1000000 * weights["Capital Cost"]).map(int)
temp_no_upgrade["O&M Cost weighted"] = (temp_no_upgrade["'O&M Cost"]
*1000000 * weights["O&M Cost"]).map(int)

temp_no_upgrade["Total Cost weighted”] = temp_no_upgrade["Land
weighted"] + temp_no_upgrade["Power weighted™] +
temp_no_upgrade["Capital Cost weighted"] + temp_no_upgrade["O&M Cost
weighted"]

cols = temp_no_upgrade.columns.to_list()

cols = cols[-1:]+cols[:-1]

temp_no_upgrade = temp_no_upgrade[cols]
temp_no_upgrade.sort_values(by="Total Cost weighted", inplace=True)
temp_no_upgrade.reset_index(drop=True, inplace=True)

if len(temp) > O:

LPCO = np.array(LPCO * len(temp))

# st.write(temp)

new_values = temp[dev_labels].to_numpy() — LPCO

temp[dev_labels] = new_values

# st.write(new_values)

cols = temp.columns.tolist()

cols = cols[-1:] + cols[:-1]

temp = temp[cols]

temp.sort_values("Total Cost weighted”, inplace=True)
temp.reset_index(drop=True, inplace=True)

#1ry:

if upgrade:

st.warning('Since you have opted for an upgrade, the land and power upper limit
with not be considered’)

st.subheader("Upgrade options:")

else:

st.subheader("Available options:")

temp = temp[:10]

for i in temp.index:
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with st.expander(f"{i+1} - {temp.loc[i, Tech Stack'].replace('+None’,
").replace(’'+', ' +)}"):

primary, secondary, tertiary = temp['Tech Stack'].to_list()[i].split("+")
show_in_graph.append(st.checkbox(f"show in plot and save for next step”,
value=True if i <= top_n-1 else False, key=i))

st.dataframe({

"Secondary Tech™: [primary],

"Emerging Tech": [secondary],

"Tertiary Tech": [tertiary],

"Total Weighted Cost (cr Rs)": [temp.loc[i, "Total Cost weighted"]/10],

"Land (ha)": [temp.loc[i, "Land"]],

"Power (KWh)": [temp.loc[i, "Power"]],

"Capital Cost (cr Rs)": [temp.loc[i, "Capital Cost"]/10],

"O&M Cost/year (cr Rs)": [temp.loc[i, "O&M Cost"]/10],

by,

names.append(f*{temp.loc[i, 'Tech Stack'].replace('+None’, ").replace('+, ' +
0}

if upgrade:

st.subheader("Supplementing with secondary technologies:™)
temp_no_upgrade = temp_no_upgrade[:10]

for i in temp_no_upgrade.index:

with st.expander(f"{i+1} - {temp_no_upgrade.loc[i, "Tech
Stack'].replace('+None’, ").replace('+', ' + )}"):
primary, secondary, tertiary = temp_no_upgrade[' Tech

Stack'].to_list()[i].split("+")

show_in_graph.append(st.checkbox(f"show in plot and save for next step”,
value=True if i <=top_n-1 else False, key=i+50))

st.dataframe({

"Secondary Tech": [primary],

"Emerging Tech": [secondary],

"Tertiary Tech": [tertiary],

"Total Weighted Cost (cr Rs)": [temp_no_upgrade.loc[i, "Total Cost
weighted™]/10],

"Land (ha)": [temp_no_upgrade.loc[i, "Land"]],

"Power (KWh)": [temp_no_upgrade.loc[i, "Power"]],

"Capital Cost (cr Rs)": [temp_no_upgrade.loc[i, "Capital Cost"]/10],

"O&M Cost/year (cr Rs)": [temp_no_upgrade.loc[i, "O&M Cost"]/10],

by,

names.append(f"{temp_no_upgrade.loc[i, 'Tech  Stack'].replace('+None',
").replace('+, ' +}")

temp = temp.append(temp_no_upgrade)

temp[*Name"] = names

temp = temp[show_in_graph]

st.write("\n")
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# st.plotly_chart(build_scatter(temp))

# f1, 2 = build_bar(temp.copy(), land_cost, eletricity_cost)
# fig = make_subplots(rows=1, cols=2)

# figurel_traces =[]

# figure2_traces =[]

# for trace in range(len(f1["data"])):

# figurel_traces.append(fl] data"][trace])

# for trace in range(len(f2["data™])):

# figure2_traces.append(f2["data"][trace])

# for traces in figurel_traces:

# fig.append_trace(traces, row=1, col=1)

# for traces in figure2_traces:

# fig.append_trace(traces, row=1, col=2)

# fig.update_layout(width=1024)

# st.plotly_chart(fig)

dump_data = [temp.iloc[i].to_dict() for i in range(len(temp))]
json.dump(dump_data, open(*config.json”, "w"))

# except:

# st.write("No matching technology found")

else:

st.error("Projected land/power requirements exceed defined upper limits.
Increase upper limits for obtaining suggestions.™)

except NameError as error:

Pass

import
streamli
tas st
import pandas as pd
import plotly.graph_objects as go
import json
# DODO: Mininmum requirement selection
# DODO: Change from category to reuse purpose
print("running™)
try:
st.set_page_config(layout="wide")
except:
Pass
@st.cache
def load():
return json.load(open(*config.json™))
@st.cache
def load_tech():
return (
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pd.read_csv("./dataframes/tech_coeff_pri.csv"),
pd.read_csv("./dataframes/tech_coeff_sec.csv"),
pd.read_csv("./dataframes/tech_coeff _ter.csv"),
pd.read_csv("./dataframes/reuse.csv"),
pd.read_csv("./dataframes/tech_stack_coeff.csv")

)

@st.cache(allow_output_mutation=True)

def load_extras():

demand_formula = pd.read_csv("./dataframes/demand_formula.csv")
demand_formula["Formula"] =
demand_formula["Formula"].apply(lambda x: x.replace("*", " * "))

return (

demand_formula,

pd.read_csv("./dataframes/reuse_to_category.csv")

)

exports = load()

_, _, _, reuse_df, tech_stack_df = load_tech()

demand_formula, reuse_to_category = load_extras()

st. markdown("'# Reclaimed Water Demand Allocation & Pricing")
st.sidebar.markdown("# Reclaimed Water Demand Allocation & Pricing™)
name_technology = [tech["Name"] for tech in exports]
st.sidebar.subheader("Technology Selection™)

technology = st.sidebar.selectbox(""Select technology", name_technology)
# select the element in exports where the 'Name' is equal to the technology
selected

tech = [tech for tech in exports if tech["Name"] == technology][0]
st.sidebar.subheader("Price ratio for categories"”)

multiplier = {

"Public Utility™: st.sidebar.number_input("Public Utility", min_value=1,
value=1),

"Agriculture™:  st.sidebar.number_input("Agriculture”,  min_value=1,
value=1),

"Domestic": st.sidebar.number_input("Domestic", min_value=1, value=3),
"Industrial: st.sidebar.number_input("Industrial”, min_value=1, value=5),
"Commercial™:  st.sidebar.number_input(*Commercial”, min_value=1,
value=7),

}

st.sidebar.subheader("STP configuration and pricing:")
minimum_allocation = st.sidebar.number_input("Minimum allocation for
prioritized reuse(%)", value=50, min_value=0, max_value=100)/100
capacity = st.sidebar.number_input("STP capacity(MLD)", min_value=1,
value=120)

cost_per_kld = st.sidebar.number_input("Cost per KLD", min_value=1.,
value=8., step=0.1, format="%2.f")
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inflation_rate = st.sidebar.number_input("Inflation Rate", value=5.,
step=0.1, format="%2.f")

reuse_dict = {

"Reuse": [],

"Category™: [],

"Demand": [],

}

num_reuse = int(st.number_input("Number of Reuse”, value=1,
min_value=1))

# create a tabular form with the input fields where the user can enter the type
of reuse purpose and the amount of that purpose

for i in range(num_reuse):

cols = st.columns(2)

with cols[O0]:

selected = st.selectbox("Reuse Purpose”, reuse_to_category["Reuse"],
key=i+1000)

reuse_dict["Reuse"].append(selected)
reuse_dict["Category™].append(reuse_to_category[reuse_to_category["Reu
se"] == selected]["Category"].to_list()[0])

with cols[1]:

demand_value = st.number_input("Demand (MLD)", value=0,
min_value=0, key=i+20000)
reuse_dict["Demand"].append(demand_value)

df = pd.DataFrame(reuse_dict)

st. markdown(f"### Total demand: {df['Demand'].sum()} MLD")

if df['Demand'].sum() > 0:

if df["Demand"].sum() > capacity:

st.warning(*"The total demand is greater than the STP capacity")

elif df["Demand™].sum() < capacity:

st.warning(*"The total demand is less than capacity")

df["Final Allocation™] = df.apply(lambda x: 0 if x["Category"] ==
"Industrial” or X["Category"] == "Commercial” else
X["Demand"]*minimum_allocation, axis=1)

remaining_capacity = capacity - df["Final Allocation"].sum()

# allocate the commercial and industrial categories to the remaining
capacity

for i in range(len(df)):

# check if the category is industrial or commercial

if df["Category"].iloc[i] == "Industrial" or df["Category"].iloc[i] ==
"Commercial":

# check if the demand for the category can be met by the remaining capacity
if df["Demand"].iloc[i] > remaining_capacity:

df["Final Allocation"].iloc[i] = remaining_capacity

remaining_capacity =0
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else:

remaining_capacity -= df["Demand"].iloc[i]

df["Final Allocation"].iloc[i] = df["Demand"].iloc[i]

remaining_capacity = capacity - df["Final Allocation"].sum()

if remaining_capacity > O:

# allocate the remaining capacity to non industrial and non commercial
categories

for i in range(len(df)):

if df["Category”].iloc[i] != "Industrial" and df["Category"].iloc[i] !=
"Commercial":

remaining_demand = df["Demand"].iloc[i] - df["Final Allocation™].iloc[i]
if remaining_demand != 0:

if remaining_demand > remaining_capacity:

df["Final Allocation"].iloc[i] += remaining_capacity

remaining_capacity =0

else:

remaining_capacity -= remaining_demand

df["Final Allocation"].iloc[i] += remaining_demand

remaining_capacity = capacity - df["Final Allocation"].sum()

df["Revenue Factor"] = df[["Final Allocation", "Category']].apply(lambda
x: X["Final Allocation"]*multiplier[x["Category"]], axis=1)

total_revenue = df["Revenue Factor"].sum()/capacity

x = cost_per_kld/(total_revenue)

# st.write(x)

price_for_reuse = {}

for key, value in multiplier.items():

price_for_reuse[key] = f*{round((value * x), 2)} per KLD"
revenue_each_day = df["Revenue Factor"].sum() * x * 365/10000

temp = tech_stack df[tech_stack df["Tech Stack™] == tech["Tech
Stack"]][["Capital Cost", "O&M Cost"]] * capacity/10

# temp =  tech_stack dff[tech stack df["Tech  Stack"] ==
"BIOFOR+WUHERMAN-+None"][["Capital Cost", "O&M Cost"]] *
capacity/10\

st.write(temp.rename(columns={"Capital Cost™: "Capital Cost”, "O&M
Cost": "O&M Cost/year"}))

costs = {

"Capital Cost": round(temp["Capital Cost"].to_list()[0], 2),
"O&M Cost": round(temp["O&M Cost"].to_list()[0], 2)

}

# capital_cost = tech["Capital Cost"]

# cost_list = [capital_cost] * 15

# om_cost = tech["O&M Cost"]

capital_cost = costs["Capital Cost"]

cost_list = [capital_cost] * 15
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om_cost = costs["O&M Cost"]

om_list, revenue_list, recovery_list =[], [1, []
recovery, break_even =0, 0

for year in range(15):

om_cost *= (1+(inflation_rate)/100)
revenue_each_day *= (1+(inflation_rate)/100)
recovery += revenue_each_day - om_cost
om_list.append(round(om_cost, 2))
revenue_list.append(round(revenue_each_day, 2))
recovery_list.append(round(recovery, 2))

if recovery >= capital_cost and break_even == 0:
break even = year

st.subheader("Allocation for the given reuse purposes:")
st.write(df)

st.subheader("Price for reuse:")
st.write(pd.DataFrame({

"Category": list(price_for_reuse.keys()),

"Price": list(price_for_reuse.values()),

)

temp_df = pd.DataFrame({"O&M Cost": om_list, "Revenue Factor":
revenue_list, "Recovery": recovery_list, "Year": range(15), "Capital Cost":
cost_list})

# name the x and y axis

figure = go.Figure(

data=[

go.Scatter(

x=temp_df["Year"]+1,

y=temp_df["Recovery"],

name="Cumulative Recovery (cr)",
mode="lines+markers",

marker=dict(

color="green"

)

),

go.Scatter(

x=temp_df["Year"]+1,

y=temp_df["Capital Cost"],
name=f"Capital Cost = {capital_cost} (cr)",
mode="lines+markers",

marker=dict(

color="red"

)
),
]

33



)

st.subheader(f"Break even point analysis for technology combination:
{tech['Tech Stack'].replace('+None’, ")}")

figure.update_layout(

xaxis_title=""Year",

yaxis_title="Cost (cr)",

font=dict(

size=18,

color="#7f7f7f"

)

)

# x axis: no grid, tick spacing of 1

figure.update_xaxes(

showgrid=False,

tickfont=dict(

size=18,

color="#7f7f7f"

),

ticks="outside",

tick0=0,

dtick=1

)

st.plotly_chart(figure)

if break_even > 0:

st.markdown(f"##### At average price of {round(cost_per_Kkld, 2)}, you
can expect to achieve break even after {break_even+1} years and be
profitable.™)

else:

st.warning("Break even cannot be achieved in 15 years, try changing the
technology or the cost per KLD")

with st.expander("How to calculate demand?", False):

# first reuse name, then the formula, then the legends, then a horizontal line
for i in demand_formula.index:

reuse = demand_formula.loc[i, "Reuse"]

formula = demand_formula.loc[i, "Formula"]

legend = demand_formula.loc[i, "Legends"]

st.subheader(f"{reuse}")

st.write(f"####H# {formula}™)

st.write(f"{legend}")

st.markdown("""'---"")
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Annexure 2

Questionnaire Survey for Identification of Key Factors for Reuse Focused IWWM

The following questionnaire is prepared to understand the perceived importance of identified factors
that will affect the implementation of IWWM. You are requested to rate the factors given in the table
on the basis of their perceived importance on a scale of 1 to 5 and list the factors it can influence or
get influenced by in the following columns.

No.

Factor

Importance
Rating (1-5)

Factors
influence

it

can

Factors it
influenced by

can get

Reuse Purpose

Post-Treatment
Distribution Network

3 Demand for Treated
Wastewater

4 Power Requirement

5 Material Requirement

6 Nutrient Recovery

7 Manpower Requirement

8 Capital Cost

9 Operation and
Maintenance Cost

10 | Water Pricing

11 | Availability of Raw
Wastewater

12 | Ease of Operation

13 | Social Acceptance

14 | Treatment Technology

15 | Technical Durability

16 | Centralized or De-
centralized WWTPs

17 | Land Requirement

18 | Harmful  By-Products
and
Greenhouse Gas
Emissions

19 | Value of Saved Water

20 | Policy and Regulations

21 | Funding Availability

22 | Weather and Climatic

Conditions

e Please suggest any potential factor you would like to add to this list by inserting new rows at the

bottom of the table, along with its importance rating and influencing characteristics.
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Annexure 3

Table A3.1 California Board quality parameters for reuse purposes (State of California, 1994)

Type of Use Total Coliform Limits Treatment Required
Irrigation of Fodder, Fiber & Seed Crops,
Orchards and Vineyards .
Processed Food Crops None Required Secondary
Flushing Sanitary Sewers
Irrigation of Pasture
Landscape
Industrial cooling Secondary &
Soil Compaction 23 MPN/100 ml Disinfection
Dust Control
Road cleaning
. Secondary &
Restricted Landscape-Impoundments 2.2 MPN /100 ml y .
Disinfection
Non-restricted Landscape Impoundments
Non-restricted Recreational Impoundments Secondary,
Toilet Flushing Coagulation,
Decorative Fountains 2.2 MPN /100 ml Clarification,
Commercial Laundries Filtration &
Fire Fighting Disinfection
Snow-making
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Table A3.2 Quality criteria for non-potable reuse (Florida, 1995).

Type of Use Water Quality Limits Treatment Required
Restricted Public Access Areas Faecal Coliform <200 MPN/100ml Secondary and
Industrial Uses TSS <=20 mg/l Disinfection
BOD <=20 mg/l
Public Access Areas No detectable Faecal Coliform per 100 Secondary,
Food Crop Irrigation ml Filtration and
Toilet Flushing TSS <=5 mg/l Disinfection
Re-creational Impoundments BOD <=20 mg/l
Fire Protection
Aesthetic Purposes
Dust Control
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Table A3.3 US EPA guidelines for reuse purpose quality criteria (USEPA, 2012)

residual >= 1mg/L

Types of Reuses Treatment Reclaimed Water Quality Reclaimed Water Monitoring Setback Distance
Urban Reuse Secondary pH = 6-9, BOD< 10mg/l, NTU < 2 pH — weekly, BOD — weekly, |15 m to potable
Filtration ) Turbidity -  Continuous, |water supply
Disinfection No detectable faecal coli/100ml, Cl  |coliform — daily, Chlorine  |wells
residual >=1 mg/l residue - continuous
Restricted Irrigation Secondary pH = 6-9, BOD< 30mg/l, TSS< |pH — weekly, BOD - weekly, (90 m to potable
Disinfection 30mg/l, less than 200 faecal |TSS — daily, Coliform — daily, |water supply
coli/100ml, Cl> residual>= 1 mg/I Chlorine residue - continuous wells
Unrestricted Secondary pH = 6-9, BOD< 10mg/l, NTU< 2, |pH — weekly, BOD — weekly, |15 m to potable
Irrigation Advance No detectable faecal coli/100ml, Cl,  |Turbidity = —  Continuous, [water supply
Disinfection residual >= 1mg/I Coliform — daily, Chlorine |well
residue - continuous
Industrial Application  [Secondary pH = 6-9, BOD < 30mg/l, TSS < |pH — weekly, BOD — weekly, (90 m to potable
Advance 30mg/l, less than 200 faecal |TSS - daily, Coliform — daily, |water supply
Disinfection coli/100ml, Cl residual = 1 mg/I Chlorine residue - continuous wells
Groundwater Site-specific and |pH = 6.5-8.,5, NTU<2, No |Depend on treatment and use Site specific
Recharge use-dependent detectable fecal coli/100 mL, Cl>
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Table A3.4 Quality criteria for non-potable reuse (Chen et al., 2017)

Parameter | Unit Toilet Road Industrial Irrigation Construction | Landscape | Vehicle Fire
Flushing | Cleaning Cooling Washing | Protection
pH -- 6-9 6-9 6.5-8.5 5.5-8.5 6-9 6-9 5.5-9 6-9
Colour TCU <=30 <=30 <=30 -- <=30 <=30 -- <=30
Turbidity NTU <=5 <=10 <=5 -- <=20 <=10 -- <=10
SS mg/I -- -- <=30 <=60 -- -- 100 --
TDS mg/I <=1500 <=1500 <=1000 <=1000 <=1500 <=1000 -- <=1500
BODs mg/l <=10 <=15 <=10 <=40 <=15 <=20 30 <=15
COD mg/I - - <=60 <=100 - - 250 -
NHs-N mg/I <=10 <=10 <=10 - <=20 <=20 - <=10
Fe mg/l <=0.3 - <=0.3 <=15 - <=15 50 --
SAR -- -- 26 26 -- 26 5 --
Boron mg/I - - 2 2 - 2 3 -
FC MPN/I <=200 <=200 <=2000 <=20000 <=200 <=200 -- <=200
DO mg/I >=1 >=1 -- >=0.5 <=1 >=1 -- >=1
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Table A3.5 General standards for discharge of environmental pollutants to inland surface

waters (CPHEEO, 2013)

S. No. Quality Parameter Standards
1 Suspended Solids (mg/l) 100
2 Ammoniacal Nitrogen (as N) (mg/l) 50
3 Total Kjeldahl Nitrogen (TKN (as N) (mg/l) 100
4 BOD (mg/l) 30
5 COD (mg/l) 250
6 Nitrate Nitrogen (as N) (mg/l) 10
7 Faecal Coliform (MPN/100 ml) 1000




