W AECENAR
-»

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

.aecenar.com

North Lebanon Alternative Power

(o Ogabe D) 3ies apal 20l ole adles

Sewage Water Treatment for Damascus (5 Mio. citizens)

Author:

Dr. Samir Mourad

Last Update: 17.09.2025 10:05



Table of Contents

Table of Contents

PrEEACE c.uueeeeeeeeereerreeseeeesreesseeeessaeesssneessreessssesssnesssanesssresssssesssasessasessssesssssssssresssssssssessssassssssesssasssssasssasesases 1

1

1.1
1.2
1.3
1.4
1.5
1.6
1.7

2.1

2.2

3.1

4.1

4.2

4.3

Introduction: How does a wastewater treatment plant work that also recovers energy from

the WaStEWALET? ...t sssesenenes 3
Inflow & Pre-treatment ...........ccoviiiiiiiiiiiiiiiiiic s 3
Primary Treatment ... 3
Biological Treatment (Secondary Treatment)..........cccocoeveveieicicciiicii e 3
Tertiary Treatment (Wastewater ReUSe) ........cccooveveviiiiiiiiiiiic 3
Sludge & Energy Treatment ..ot 3
Nutrient and Resource RECOVETY .........cooviiiiiiiiiiiiiiiiccc 4
Summary (Key CONCePL) ...coooviiiiiiieeieiee et 4
REQUITEIMENLS ..ottt sssss s ssssssesesssssssssssssssssssssssasssassssssssassssnes 5
Waste water per citizen and for 5 Mio. CItiZeNS ..........cccceiviviiiiiiniiiiniiciinccce 5
2.1.1 Pollutant loads (BOD, COD, nitrogen, phosphorus, etc.) for 5 million people........... 5
Treatment technologies/infrastructure needed to handle it............cccviiiiniinniinnnnne, 5
Cost & energy estimation for such an infrastructure...........vccvinricvnnncinnnnnicsnsnsncnennns 9
Simple financial model, and process flow & unit SiZing..........cccccoeevrreieieiiiniicneice, 11
Design of Collection and Treatment Facilities for 5 Mio. citizens...........ccoceueuvuvrerevircrencnnee. 13
ELOMENES ..ot 13
41.1 Conventional activated sludge system...........ccccoeiiiiini 13

Sketch of an example system layout (flow diagram with treatment units for 5 million people)

............................................................................................................................................................ 13
Breaking the plant into 6 parallel treatment trains (each handling ~125,000 m?/d) and

dimension of each train's tanks and pipes. ..........cccooerviiiiiiiiiii 17
6.1.1  Sizing Per TIaiN ....c.ccooovoiiiiiie s 18
0.1.2  AGEIegates.......cccoiiiiiiiiiiiiiii s 18
0.1.3  NEXt 10 dO.uimieiiiiiiii e 19

II



Preface
In this document a proposal for improvement of sewage water collection and treatment for
Damascus (5 Mio. citizens) is given:

e  Waste Water Production

e Sewage Water Treatment






1 Introduction: How does a wastewater treatment plant work that also
recovers energy from the wastewater?

1.1 Inflow & Pre-treatment

* **Collection** of municipal wastewater via sewers and pumping stations.

* **Screening & Grit Removal*: Large debris, sand, and grease are removed to protect pumps and

tanks.

1.2 Primary Treatment

* **Settling tank**: Suspended solids settle to the bottom.
* Result:

* **Primary sludge** (sent to sludge treatment).

* **Wastewater with dissolved organic matter™ — proceeds to the biological stages.

1.3 Biological Treatment (Secondary Treatment)

* Microorganisms break down the dissolved organic carbon.

* Depending on the technology:

***Activated sludge process with aeration (CAS/BNR)**
* or **Membrane bioreactor (MBR)** for very clean water.

* *Nutrient removal**: Nitrogen (nitrification/denitrification) and phosphorus (biological or

chemical).

1.4 Tertiary Treatment (Wastewater Reuse)

* To **reuse the water* (e.g., for irrigation, industry, or even as a source of drinking water),

additional steps are taken:
* **Filtration (sand filter, membranes, reverse osmosis)**
* **Disinfection (UV, ozone, chlorine)**

* Optionally, **removal of micro-contaminants** (activated carbon, ozone).

The treated water can then be used in **rivers, for irrigation, cooling, or as a drinking water

reserve**,

1.5 Sludge & Energy Treatment



Introduction: How does a wastewater treatment plant work that also recovers energy from the
wastewater?

The **sludge** from the primary and secondary settling tanks contains a lot of organic matter — a

perfect energy source:

***Sludge thickening** — water is removed. * **Digester tank (anaerobic digestion):** Bacteria break

down organic matter without oxygen — **biogas (60-70% methane)** is produced.

* **Combined heat and power (CHP) plant:** Biogas is burned — generates **electricity and heat**

for the wastewater treatment plant.

~ Modern plants can operate **energy-autonomously* — some even feed excess electricity back

into the grid.

1.6 Nutrient and Resource Recovery

* **Phosphorus recovery** (e.g., as struvite = magnesium ammonium phosphate — fertilizer).
* **Nitrogen recovery** (ammonium sulfate from wastewater).

* ¥*Water reuse**: as a "second resource".

1.7 Summary (Key Concept)

A wastewater treatment plant with energy recovery operates like a **closed-loop system™**:

1. *Purify water — make it reusable.**
2. **Digest sludge — produce biogas — generate electricity and heat.**

3. **Recover nutrients — produce fertilizer.**

This transforms "wastewater" into a **source of water, energy, and raw materials**.



2 Requirements

2.1 Waste water per citizen and for 5 Mio. citizens

e On average, domestic wastewater production per person is about 100-250 liters/day

(depending on water use habits, economy, and infrastructure).
e Let’s assume 150 liters/day per person as a mid-range value.
Il Calculation for 5 million people:
e 5,000,000x150 L/day=750,000,000 L/day
e That equals 750,000 m3/day of sewage water.
That’s roughly 274 million m? per year.
Would you like me to:

1. Break this down into pollutant loads (BOD, COD, nitrogen, phosphorus, etc.) for 5 million
people?

2. Or focus more on treatment technologies/infrastructure needed to handle it?

2.1.1 Pollutant loads (BOD, COD, nitrogen, phosphorus, etc.) for 5 million people
BOD: BIODEGRADABLE organic pollution of water.

COD: represents degree of COMPLETE organic pollution

2.2 Treatment technologies/infrastructure needed to handle it

Design at a conceptual scale for ~5 million people producing ~750,000 m?%/day of sewage:

4 1. Collection & Conveyance

e Sewer network: Gravity sewers with pumping stations where needed.

Pre-treatment: Screening & grit removal to protect downstream equipment.

o iy 2. Primary Treatment

Primary clarifiers (sedimentation tanks): Remove 50-60% suspended solids, 25-35% BOD.

Sludge from this step goes to digestion/thickening.

e ¢ 3.Secondary (Biological) Treatment

This is the core to remove organic matter & nutrients. Options:
¢ Conventional Activated Sludge (CAS)
o Widely used, flexible.

e Needs large aeration tanks, energy-intensive (aeration = ~60% of energy demand).



Requirements

Variants:

Extended Aeration / Oxidation Ditches — simpler operation, more stable, but larger land

area.

Sequencing Batch Reactors (SBRs) — good for medium to large scale, flexible with nutrient

removal.

Membrane Bioreactors (MBRs) — very high effluent quality, compact, but expensive and

energy-intensive.

« 4. Tertiary / Advanced Treatment

For water reuse or sensitive receiving waters:

Nutrient removal (N & P): biological nutrient removal (BNR) or chemical precipitation.
Filtration: sand, disc, or membrane filters.
Disinfection: UV, ozone, or chlorination.

Advanced oxidation / activated carbon: for micropollutants (pharmaceuticals, PFAS, etc.).

5. Sludge Management

Thickening & Anaerobic Digestion — produces biogas (can cover 40-60% of plant’s energy

demand).
Dewatering — cake ~20-30% dry solids.

Final disposal: land application (if safe), incineration, or landfill.

6. Resource Recovery & Circularity
Biogas to energy (CHP engines or upgrading to biomethane).
Nutrient recovery (struvite crystallization for phosphorus).

Water reuse (irrigation, industrial cooling, or even potable reuse with advanced polishing).

. Scale of Infrastructure Needed for 5M People

Flow: ~750,000 m®/day = the size of a large metropolitan wastewater system (e.g., Paris, Los

Angeles).

Likely requires:
o 1-3 very large treatment plants (each 250,000-400,000 m?/day) OR
o 5-10 regional plants (75,000-150,000 m3/day each).

Land area:

o Conventional activated sludge ~0.5-1.0 m?/person — ~250-500 ha total.




Treatment technologies/infrastructure needed to handle it

o MBRs can reduce footprint by ~50-70%.

So, the choice depends on:
e Land availability (compact vs. spread out plants).
e Discharge standards (normal vs. reuse-quality).

o Energy/cost priorities (CAS is cheaper; MBRs are costly but high quality).

Do you want me to sketch an example system layout (flow diagram with treatment units for 5

million people), or would you prefer a cost & energy estimation for such an infrastructure?






3 Cost & energy estimation for such an infrastructure

Here’s a tight, decision-ready estimate for ~750,000 m®/day (=5M people). I'll show two build paths:
a cost-efficient CAS (conventional activated sludge system) + BNR (biological nutrient removal)
line and a high-quality MBR line. Ranges reflect typical variability in land, labor, materials, and

power prices.

o Capital & Operating Snapshot (process units only)
Scenario A — CAS + BNR + Filtration + UV

o CAPEX: $0.60-$1.05 B (= $800-$1,400 per m3/d)

o Energy use: 262-413 MWh/day (= 0.35-0.55 kWh/m?)

e OPEX (all-in, excl. debt): $0.15-$0.30 M/day (= $0.20-$0.40/m3)
Scenario B — MBR + BNR + UV/AOP (reuse-grade)

o CAPEX: $0.90-$1.65 B (= $1,200-$2,200 per m3/d)

o Energy use: 525-825 MWh/day (= 0.70-1.10 kWh/m?3)

e OPEX: $0.26-$0.52 M/day (= $0.35-$0.70/m?)

Important: Collection/conveyance often equals or exceeds plant costs. For a large metro build-out,

budget +$1-3 B for trunk sewers, pump stations, and interceptors (very site-specific).

o Energy Balance & Offsets (with digestion + CHP)

Assumptions (industry norms):
Influent COD = 120 g/cap/d — ~600 t COD/day total. Fraction to digesters (primary + WAS)
destroyed ~20-40% of influent COD. Methane yield ~0.35 m? CHy/kg COD destroyed. CHP electrical

efficiency ~35% (heat used for digester warming).
e Biogas (CH,): ~42,000-84,000 m®/day
o Electrical output via CHP: ~147-294 MWh/day
o Offset of plant demand:
o CAS line: covers ~35-70% of electricity use
o MBR line: covers ~18-55% of electricity use

e Thermal output: typically 100% of digester heat demand covered by CHP jacket + exhaust

heat recovery.
Net electric demand after recovery (illustrative):
o CAS: ~115-266 MWh/day remaining
e MBR: ~231-678 MWh/day remaining

o Resource Recovery (fertilizers & water)



Cost & energy estimation for such an infrastructure

Phosphorus (P) — Struvite

P load (typical): ~1.5-2.0 g P/cap/d — 7.5-10 t P/day
Recoverable as struvite (40-60%): 3-6 t P/day
As struvite (=12.6% P): ~24-48 t/day of product

Benefits: scaling control, reduced chemical P removal, saleable slow-release fertilizer.

Nitrogen (N) > Ammonium salts

N load: ~8-10 g N/cap/d — 40-50 t N/day

Recoverable (air stripping/acid, or sidestream deammonification + capture): 15-30% — 6—
15 t N/day

As (NH,):SO4 (21% N): ~30-70 t/day of product.

Water reuse

Reclaimable volume (after losses): ~650-700 thousand m?3/day

Fit-for-purpose uses: irrigation, industrial cooling/process, aquifer recharge, or advanced
potable reuse (MBR/AOP).

Indicative value (highly local): $0.30-$1.00/m3, ie. $0.2-0.7 M/day potential offtake

revenue/offsets.

Footprint & Layout (rule-of-thumb)
CAS+BNR: ~0.5-1.0 m?/cap — 250-500 ha total across sites
MBR: ~30-60% smaller biological footprint

Practical staging: 3-6 regional plants (e.g., 3 x 250,000 m3/d) for resilience, phasing, and

redundancy.

What to Choose?
Constrained land / high reuse requirement: MBR (higher CAPEX/OPEX, best quality &

compact).

Cost/energy priority, discharge to surface water: CAS+BNR (lowest LCC; add filtration+UV

as needed).

Either way: include primary clarification + anaerobic digestion + CHP + P recovery as base

scope; consider N recovery where fertilizer markets or sidestream loads are high.

Next steps I can do for you now

Build a simple financial model (CAPEX phasing, debt/energy price sensitivities, paybacks

from energy + fertilizer + reuse).
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Simple financial model, and process flow & unit sizing

o Draft a process flow & unit sizing (aeration volume, clarifiers, digesters, CHP size) to match

your standards.

¢ Compare 3-plant vs 6-plant network concepts with high-level trunk sewer costs.

3.1 Simple financial model, and process flow & unit sizing

I built you a ready-to-use model with two scenarios (CAS+tBNR vs. MBR), energy offsets from
digestion/CHP, resource recovery, and per-plant unit sizing (for 3x250,000 m?®d plants). You can

open and tweak it:

Download the Excel model

What the numbers say (highlights)
e CAPEX (midpoint): CAS = $0.83B, MBR = $1.28B (process units only; networks extra).
o Electricity (gross — net after CHP):
o CAS: 338 — ~153 MWh/day (CHP offset ~185 MWh/day).
o MBR: 675 — ~490 MWh/day (same CHP offset).

e Nutrient products (total/day): ~36-73 t struvite — $7k-$14k/day; 38-90 t ammonium sulfate
— $4k-$18k/day (price ranges included in the model).

o Per-plant sizing (each 250,000 m?3/d):
o Primary clarifiers: ~7,140 m? total (e.g., 8 tanks = 34 m J each).

o CAS aeration volume: ~62,500 m3; secondary clarifiers: ~10,417 m? total (e.g., 8 tanks
~41 m O each).

o MBR aeration volume: ~41,667 m3; membranes: ~521,000 m2.
o Anaerobic digestion: ~54,600 m3/plant (e.g., 6 x ~9,100 m? digesters).

If you want, I can extend this with debt service, phased CAPEX (3-5 years), and a reuse off-take

module (pricing by end-use).
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4 Design of Collection and Treatment Facilities for 5 Mio. citizens
4.1 Elements

4.1.1 Conventional activated sludge system

Figure 1. Working process of thickener is continuous. Crude low concentration slurry flow was fed
into the mix tank accompanied with flocculant. The dissolved particles agglomerate to larger lump
under the effect of flocculant and concentrate at the bottom of thickener. Underflow with high
concentration is produced and clear water will be recycled from the overflow pipe which locates at

the top of thickener.

Mud Pressure P MPa

Flocculant Flow rate @rw. m®/h
Mud Level L m

Feed Flow rate Qr m’/h i @
Flocculant

Feed flow
]

Feed concentration Cr %

Underflow rate @ m*/h

@ @ Feed flow

Underflow concentration Cv %

4.2 Sketch of an example system layout (flow diagram with treatment units for 5
million people)
Here is a flow diagram of a wastewater treatment plant for approximately 5 million inhabitants,

showing all the main process lines (wastewater, sludge, biogas/energy):

It includes:

e Wastewater treatment line: Pre-treatment — Primary clarifier — Biological treatment
(CAS/BNR) — Secondary clarifier — Tertiary filtration/disinfection — Discharge

e Sludge treatment line: Primary & excess sludge — Thickening — Digestion — Dewatering
— Disposal/utilization

¢ Energy recovery line: Biogas — Combined heat and power (CHP) plant — Electricity and

heat for on-site use
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Flow Diagram — WWTP for 5,000,000 PE (~750,000 m3/d of raw sewage)

Tertiary Filtration /
Disinfection

Raw S 2 - . .
/ (:ﬂ:ewﬂ%ge /LP( Screening & Grit Removal )—b( Primary Clarifiers

o Treated Effluent
/ (Discharge / Reuse) /

p»  Sludge Thickenming

—b[ Anaerobic Digesters j

) Biosolids for
Dewaterin ' Land Application / Thsposal

o / Electricity & Heat

| )
CHP / Energy Recovery J

Key results (quick summary):

Design flow: 750,000 m3/day (= 31,250 m3/h; 8.68 m?/s)

Primary clarifier total area: ~21,429 m? (example: 8 tanks = & 58.4 m each)

Aeration (CAS) volume: ~187,500 m?® — area ~ 46,875 m? (at 4 m depth)

Secondary clarifier total area: ~31,250 m? (example: 6 tanks ~ & 81.6 m each)

Digester total volume (20 d HRT, VS-loading 1.6 kgVS/m?-d): ~3,281,250 m? (split across multiple digesters)
Sludge production: DS = 375 t/d, VSS = 262.5 t/d, VS destroyed ~ 131.25 t/d

Biogas — Methane = ~65,200 m?® CHy/day — CHP electricity = ~228,300 kWh/day (= 228 MWh/d)

/ (for plant use)
/
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Sketch of an example system layout (flow diagram with treatment units for 5 million people)

e Gross plant electricity (CAS baseline) ~ 337,500 kWh/day — net electricity after CHP =~ 109,200 kWh/day (~ 109 MWh/d)
e Major process conduit (single-equivalent) = ~2,715 mm diameter (in practice flows are split across many channels/parallel pipes)
e RAS: ~375,000 m®d (= 4.34 m3/s); suggested 6 RAS pumps = ~95 kW each (total =~ 570 kW)
e  WAS: ~7,500 m¥d (= 0.087 m3/s); suggested 4 WAS pumps, total = ~20-30 kW (estimated)
Notes & caveats:

e These are coarse, order-of-magnitude design numbers based on standard heuristics. Real engineering requires detailed hydraulic, process, and

site-specific studies (peak flows, stormwater, chemical loads, local regulations, phasing, safety factors, and constructability).

e Very large single structures are impractical — designs split processes into parallel trains/units for constructability, maintenance, and resilience.

15






4.3 Breaking the plant into 6 parallel treatment trains (each handling ~125,000
m?3/d) and dimension of each train's tanks and pipes.

I've split the 5,000,000 m®/d plant into 6 parallel treatment trains (each 125,000 m3/day) and sized

tanks, pipes, pumps, digesters, and gave a rough energy balance per train and in total.

You can download the Excel with the per-train sizing and aggregates here:
Download sizing Excel — 6 trains (125,000 m®/d each)

5 Quick highlights (per train — 125,000 m?3/d)
o Flow: 125,000 m3%day (= 5,208 m3/h; 1.45 m?/s)
¢ Population equivalent per train: ~ 833,333 PE (at 0.15 m%/PE-d)
e Primary clarifier total area: = 3,571 m? (e.g., 4 tanks ~ @ 33.7 m each)

e Aeration (CAS) volume: = 32,708 m® — area = 8,177 m? at 4 m depth (2 aeration basins per

train)

e Secondary clarifier total area: ~ 8,681 m? (e.g., 3 tanks =~ @ 59.5 m each)

e Digester volume per train (20 d HRT): ~ 546,875 m?

e Sludge per train: DS = 62,500 kg/d, VSS = 43,750 kg/d, VS destroyed ~ 21,875 kg/d

e Energy (per train):
o Gross electricity (CAS baseline): = 56,250 kWh/day
o Methane from digestion: = 10,867 m®* CHs/day — CHP elec = ~38,034 kWh/day
o Net electricity after CHP: » 18,216 kWh/day

e Pumps & pipes (per train):

o RAS: ~62,500 m?/d (= 0.724 m3/s); recommended 2 RAS pumps — ~0.362 m?3/s each,
~73.6 kW each (approx)

o WAS: ~1,250 m3d; 1 WAS pump per train (= small kW)

o Main process single-equivalent conduit diameter: ~835 mm (in practice multiple

conduits or open channels are used)
6 Aggregated totals (6 trains)
o Total gross electricity: ~337,500 kWh/day
o Total CHP elec: ~228,204 kWh/day
o Total net electricity after CHP: ~109,296 kWh/day
e Total digester volume: ~3,281,250 m?3 (split across digesters)
o Total DS: ~375,000 kg/d
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Breaking the plant into 6 parallel treatment trains (each handling ~125,000 m3/d) and dimension of
each train's tanks and pipes.

6.1.1 Sizing per Train

Item Value
Flow per train (m3/d) 125000
Flow per train (m3/h) 5208,3
Flow per train (m3/s) 1,4468
PE per train (approx.) 833333
Primary clarifier total area (m2) 3571,4
Primary tanks per train (qty) 4
Primary tank diameter (m, approx.) 33,7
Aeration volume per train (m3) 31250
Aeration tanks per train (qty) 2
Aeration tank volume each (m3) 15625
Aeration tank area each (m2) 3906
Secondary clarifier total area (m2) 5208,3
Secondary clarifiers per train (qty) 3
Secondary clarifier diameter each (m, approx.) 47
Digester volume per train (m3) 546875
DS (kg/d) per train 62500
VSS (kg/d) per train 43750
VS destroyed (kg/d) per train 21875
Gross energy (kWh/d) per train 56250
CH4 (m3/d) per train 10872
CHP elec (kWh/d) per train 38052
Net energy (kWh/d) per train 18198
RAS flow (m3/d) per train 62500
RAS flow (m3/s) per train 0,7234
RAS pumps per train (qty) 2
Q per RAS pump (m3/s) 0,3617
Power per RAS pump (kW) 56,77
Total RAS pump kW per train 113,54
WAS flow (m3/d) per train 1250
WAS pumps per train (qty) 1
Total WAS pump kW per train 3,78
Main conduit dia (mm) per train (single-
equivalent) 1108
6.1.2 Aggregates
Metric Value
Total flow (m3/d) (all trains) 750000
Total gross energy (kWh/d) (all
trains) 337500
Total CHP elec (kwh/d) (all trains) 228309

Total net energy (kWh/d) (all trains) 109191
Total digester volume (m3) (all
trains) 3281250

Total DS (kg/d) (all trains) 375000
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Design of Collection and Treatment Facilities for 5 Mio. citizens

6.1.3 Nextto do

These are heuristic, first-order designs for concept / feasibility. If you want, I can now:

¢ Break each train into parallel process trains with concrete tank layouts (e.g., 4 aeration basins

x dimensions each), or
¢ Produce CAD-like SVG diagrams for one train with the tank dimensions labeled, or

e Add safety factors and size multiple pumps/standby units with N+1 redundancy.
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