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Apresentador
Notas de apresentação
Boa tarde, meu nome é Salvador Uribe da Evapco Power, uma empresa global especializada em engenharia e fabricação de sistemas de resfriamento para os mercados de geração elétrica e industriais.

Eu sou muito grato ao IEMA e ao IBAMA pelo convite como especialista para este treinamento. Esta é a segunda apresentação que darei hoje sobre as Tecnologias de Resfriamento para Usinas Termelétricas mas com mais detalhes e com uma comparação econômica dos sistemas.

De novo, vou deixar que os tradutores profissionais me ajudem a explicar pra vocês o seguinte material.




Topics

I. Cooling Tower Technology
II. Air Cooled Condenser Technology
III. Hybrid Cooling Technology
IV. Economic Comparisson
V. References
VI. Questions & Answers

Apresentador
Notas de apresentação
As mentioned, this is our second and last presentation on Cooling System Technologies used in Thermal Power Plants  or TPPs. 

In the next 45 minutes, we will review in more detail each technology as well as economic comparissons in the US, México and Chile of the various cooling systems discussed.

At the end  there will be time for Questions or feedback you may have.



Cooling Tower Technology

Apresentador
Notas de apresentação
An evaporative cooling tower is a heat rejection equipment that removes waste heat to the atmosphere through the cooling of water to a lower temperature. 

In this presentation we will only talk about mechanical draft cooling towers like the ones shown on these pictures: a crossflow type at the top and a counterflow at the bottom. Let’s talk about the differences between these two configurations in the next couple of slides.



Cooling Tower Technology
Crossflow vs Counterflow

Apresentador
Notas de apresentação
In a Crossflow Cooling Tower the air flows perpendicular to the waterfall. Crossflow CT’s are commonly used in oil refineries or in “dirty water” applications. 

In a Counterflow Cooling Tower the air flows parallel to the waterfall. Counterflow CT’s are commonly used in electric power plants or in “clean water” applications.



CT Technology
Crossflow vs Counterflow

Crossflow Cooling Towers Features Counterflow Cooling  Towers Features
• Older technology
• Splash fill
• Higher pump head
• More common in process plants
• More efficient in smaller cells
• Easier access and maintenance

• Modern technology
• Film or splash fill
• Less power consumption
• More common in power plants
• More efficient in larger cells
• Easier construction

Apresentador
Notas de apresentação
People ask me what technology is better? And my answer is: “it depends on the application.” 

This table shows the features of both types of cooling towers: Crossflow and Counterflow.



CT Technology
Design Parameters

Heat Load in BTU/hr = GPM x 500 x Range in °F
Heat Load in kW = m3/h x 1.16 x Range in °C

Apresentador
Notas de apresentação
The main factor for thermal design of any evaporative CT is the wet-bulb temperature of the air entering the tower. The wet-bulb can be determined using a psychrometer, the psychrometric chart or by software. The inlet wet-bulb temperature must be specified by the plant owner or the engineering firm hired, not the CT manufacturer. 

The process dictates the cooling range or difference between the inlet or hot water and outlet or cold water temperature. 
The approach or difference between the cold water and wet-bulb temperature is given by the size and efficiency of the cooling tower.
The heat load is simply calculated by these formulas at the bottom left. 

The upper right curve shows the effect of the approach on the size of the tower at fixed heat load, flow rate and WBT. The smaller the approach the bigger the cooling tower. The curve gets asymptotic at 5°F or 2.8°C which is the smallest approach typically guaranteed by CT manufacturers.  

The lower right curve shows the effect of varying the range on the size of the tower at constant heat load, WTB and CWT.



CT Technology
Water Losses & Makeup

• Evaporation = 10,000 gpm flowrate x 25°F Range x 0.08% = 200 gpm
E = 2,271.23 m3/h x 13.89°C x 0.144% = 45.42 m3/h

• Drift (droplets) = 10,000 gpm x 0.005% = 0.5 gpm
D = 2,271.23 m3/h x 0.005% = 0.1136 m3/h

• Cycles of Concentration (TDS) = 750ppm max chlorides circulating water/ 
250ppm chlorides in makeup water = 3 cycles < 5 cycles (normal operation)

• Blowdown (discharge) = {200 – [(3-1) x 0.5]}/(3-1) = 99.5 gpm
B = {45.42 – [(3-1) x 0.1136]}/(3-1) = 22.60 m3/h

• Makeup water = E + D + B = 200 gpm + 0.5 gpm + 99.5 gpm = 300 gpm or 3%
M = 45.42 m3/h + 0.1136 m3/h + 22.60 m3/h = 68.13 m3/h

𝐵𝐵 ≈
𝐸𝐸 + 𝐷𝐷

(𝐶𝐶 − 1)

Apresentador
Notas de apresentação
A cooling tower has three sources of water loss: 
Water of evaporation exists the tower in vapor form, leaving behind contaminants or Total Dissolved Solids (TDS) that concentrate in the circulating water which if not controlled will affect not only the cooling tower but the surface condenser or other heat exchanger and water recirculating equipment. 
Although minimal, drift losses are little water droplets that escape through the drift eliminators. Standard drift eliminators have 0.005% looses and the best drift elimination technology can be as low as 0.0005% of the flow rate.  
The way to control TDS concentration is via blowdown, where a portion of the circulating water flow along with its TDS burden is continuously discharged and replenished with relatively pure makeup water. 



CT Technology
Components - Structure

Apresentador
Notas de apresentação
Now let’s talk about the main components of cooling towers starting with the structure:
Concrete towers have a long life span but require a high capital investment. They are common in places where labor is inexpensive or projects that require a higher domestic content. Their design is according to ACI 318 & 350 resulting in dense, waterproof and chemical-resistant reinforced concrete .
Wooden towers can be either Redwood or treated Douglas Fir. However, due to environmental restrictions protecting forests and banning of chemicals in wood pressure treatment (e.g. CCA, ACC, ACZA) lumber is mostly limited for repairs of existing CTs.
More than 90% of CTs in North America are being built with pultruded fiberglass structure. Fiber Reinforced Polyester (FRP) CTs are lighter, less expensive and faster to build than concrete or wooden towers and virtually inert to any water chemistry. They’re designed per CTI Standards 137 & 152 and ASTM E-84 code.
Hardware is typically 304SS for less than 1,500 ppm chlorides, 316SS for up to 4,000 ppm and silicon bronze for chlorides above 4,000 ppm.



CT Technology
Components – Distribution System

Apresentador
Notas de apresentação
The water distribution system consists of the risers and headers (usually made of fiberglass), PVC lateral pipes and the nozzles (polypropylene or ABS thermoplastic). 



CT Technology
Components - Fill & Drift Eliminators

Apresentador
Notas de apresentação
Because cooling towers are very effective air washers, the quality of the water being circulated over a tower quickly reflects the quality of the air with which it is in intimate contact. This constant washing of the entering air, plus the characteristics of the makeup water supply, are the parameters which establish the ultimate quality of the recirculated water. 

Depending on the water quality, the fill media is selected.
Splash bars are typically for TSS levels above 300 ppm
Film fill is suitable for TSS between 20 ppm to 100 ppm

Drift Eliminators (DEs):
Pre-1980 DEs had a drift loss of 0.2% of flow rate
Standard DE packs – 0.005% (40X reduction)
Best DEs – 0.0005% (400X reduction)




CT Technology
Components – Mechanical Equipment

Apresentador
Notas de apresentação
As far as mechanical equipment installed in a CT:
Electric motor (100-200 HP typical)
Righ angle gearbox
Carbon fiber drive shaft
Fiberglass fan assembly
Torque tube as mechanical equipment support
Fiberglass fan stacks




Air Cooled Condenser Technology

Escobedo, México. Largest ACC in Latin America
56 cells: 105m L x 96m W x 35m H

Apresentador
Notas de apresentação
An Air Cooled Condenser or ACC is a complete system which replaces the steam surface condenser, water cooling tower, recirculating water piping and pumps, chemical dosing and filtration systems.

ACCs are used where water is not available, too expensive and/or not allowed by permit limitations or environmental regulations.

In this photo we have the largest ACC built in Latin America located outside Monterrey, México that could fit in a football field. It has 8 streets by 7 modules per street or a total of 56 cells.



ACC Technology
Basics

ACC Schematic Process Flow Diagram

Apresentador
Notas de apresentação
As defined by the Heat Exchange Institute (HEI), “an Air Cooled Condenser (ACC) is a heat exchanger using ambient air as the heat sink to absorb heat directly from steam at vacuum conditions, condensing the steam and recovering the condensate, as would be typically used in an electric power-generating station.”

Primary (70-80% of steam is condensed) & Secondary (final 30-20% of steam is condensed)  Heat Exchanger Cores
Continuous removal of non-condensables
Sufficient outlet velocity to transport non-condensables
Large margin to compensate for steam distribution effect
Efficient cooling of non-condensables

https://www.youtube.com/watch?v=zLEoUH753Nc
https://www.youtube.com/watch?v=DPYsMNlPXAs




ACC Technology
Design Parameters

Minimum Design Requirements

• Steam flow rate (kg/s)
• Steam enthalpy or quality 

(kJ/kg, %)
• Turbine back pressure (mbara)
• Inlet dry bulb temperature (°C)
• Site altitude (masl) or
• Atmospheric Pressure (mbara)

Additional Cost Impacts

• Guaranteed wind speed (3 or 5m/s typ)
• Design Noise Level (dBA @ ___m)
• Height Restrictions
• ACC Layout (T-piece, elbows, butterfly)
• Delivery Location
• Delivery Schedule
• Construction (union or non-union)



ACC Technology
Design Parameters

Initial Temperature Difference (ITD) is equal to the temperature of saturated 
steam T(sat) minus the dry bulb temperature of the ACC inlet air T(air)

ITD = T(sat) – T(air)

The specified ITD is the key driving factor in the sizing of an Air Cooled 
Condenser

ITD     ACC Size ITD      ACC Size 



ACC Technology
Design Parameters – 100MW Steam Cycle

ITD : 40°C
ITD  : 34°C

ITD : 28°C
ITD : 20°C
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Design Conditions:
• Flow = 63 kg/s
• DBT = 32.2C
• RH = 50%
• Quality = 96%
• Elev. = sea level

Apresentador
Notas de apresentação
In this example of a typical 100MW steam cycle with the design conditions shown on the right, we can see the impact of reducing the Initial Temperature Difference or ITD makes in the size of the ACC.

Remember ITD = Tsat – DBT. Since the DBT is fixed at 32.2°C, reducing the temperature of saturated steam means reducing the turbine backpressure which results in a bigger ACC.

For instance, for a backpressure of 339 mabara (10 inHg) corresponds an ITD of 40°C and requires only a 5-cell ACC. But if we want to improve the turbine performance by reducing its backpressure to 135 mabara (4 inHg) the ITD is reduced to 20°C and we now need a 12-cell ACC.

The size of the ACC is not always linear to the ITD or backpressure. Most of the ACCs we currently design are within the 135 and 68 mbara which equates 4 to 2 inHg.



ACC Technology
Layouts

• Steam duct costs millions ($$$) and adds pressure losses
• “Butterfly” designs have lower capital and construction costs for large units
• Avoid elbows and ‘T’ pieces if possible; lateral ducting is better and cheaper.



ACC Technology
Layouts

Interference
• None if underneath 45° line from a 

distance of one AIH from air inlet
• If interference is another ACC this 

should be considered for each 
ACC, effectively doubling the 
distance

• In many cases it makes more sense 
to combine two adjacent ACCs 
onto one common structure

Apresentador
Notas de apresentação
The top right diagram was taken for HEI Standards for ACCs.



ACC Technology
Noise

• Noise generated by the mechanical equipment at 1m:
• Fans - 90- 110  dB(A) 
• Motors - 85-95    dB(A)
• Gearboxes - 90         dB(A)

Static Efficiency 65-70% 60-65% 55-60% 50-55%

Cost 100% 130% 175% 300%

Apresentador
Notas de apresentação
Nowadays, power plants are built near residential areas or simply must comply with low-noise regulations



ACC Technology
Noise

Noise leaves the ACC through the 
air outlet and air inlet 

40% Air Outlet, 60% Air Inlet

Methods of Noise Abatement: of 
Noise Abatement:Louvers - Maximum Noise 

Abatement
• $$$$
• ΔP

Baffles - Intermediate Noise 
Abatement
• $$$
• ΔP

Louvers - Maximum Noise 
Abatement
• $$$$
• ΔP

Baffles - Intermediate Noise 
Abatement
• $$$
• ΔP

Apresentador
Notas de apresentação
Many different levels of noise mitigation and abatement are available and unique engineered solutions are required for each project

Although some ACC manufacturers are capable of doing their in-house noise models, it is important that they are checked by third party noise consultants.




ACC Technology
Research & Development

Small Scale Thermal Testing
• Heat transfer, air & steam side 

pressure drop, fouling factor all 
calculated, using 4’ x 4’ test rig

• Water used as process fluid, not 
saturated steam under vacuum

Full Scale Steam Laboratory
• Testing full sized 11.5 m long bundles at 

the installed angle
• Actual effects of 2 phase steam flow under 

vacuum in parallel and counter flow.

Apresentador
Notas de apresentação
All this ACC technology not only must be modeled in sophisticated computer thermal rating software but also physically tested to make sure the ACC performs at 100% or better. 

On the left we can see the industry standard, a small scale thermal testing rig of 1.2m x 1.2m. And on the right Evapco’s full scale steam lab with a wind tunnel, the only one of its class worldwide. 

https://www.youtube.com/watch?v=KC0qu8zh7Z0



ACC Technology - Components
Structure

A-Frame & Partition Walls

Motor Bridge

Apresentador
Notas de apresentação
Typical supporting structure is hot dipped galvanized (HDG) steel and it’s designed per the American Institute of Steel Construction (AISC) and local building codes to check for seismic and wind requirements. 



ACC Technology - Components
Steam Ducting

Turbine Exhaust Duct
Risers

Apresentador
Notas de apresentação
Steam ducting is typically painted carbon steel. The main steam duct diameter can vary from 5m to 10m and the risers diameter from 3 to 4m depending on the steam flow and number of cells in a street.



ACC Technology - Components
Steam Ducting

Condensate Collection Manifold (CCM)Steam Distribution Manifold (SDM)

Apresentador
Notas de apresentação
The Steam Distribution Manifold or SDM is on top of the ACC and starts at about 3m diameter and reduces to 1.5m at the last cell.

The Condensate Collection Manifold or CCM is about 0.5m in diameter and collects the codnensate. 



ACC Technology - Components
Heat Exchanger Cores (“Tube Bundles”)

HEC Lift up to A-FrameFinned Tubes

19mm
19mm

Apresentador
Notas de apresentação
On the left, we have the most widely used finned tube in the ACC industry which consists of an oblong tube that is constructed of carbon steel and then is mechanically cladded with a sheet of aluminum. Then those tubes are put together in “bundles” or Heat Exchanger Cores like the one shown on the right. That HEC being lifted is about 2.2m wide x 11.5m long





ACC Technology - Components
Mechanical Equipment

Vertical Motor & Gearbox Fan, Fan Ring & Fan Screen

Apresentador
Notas de apresentação
The mechanical equipment of an ACC consists of the following:
Vertical TEFC electric motor (100-300 HP typical)
Parallel shaft gearbox
Fan assembly with fiberglass blades
Fiberglass fan ring
Fan screen (mesh) to keep debris or birds from coming in



ACC Technology - Components
Condensate Tank & Deaerator

Apresentador
Notas de apresentação
Condensate from the heat exchanger cores and from the duct drain pot is collected in the condensate tank. Before entering the condensate tank, the condensate passes through a de-aerator, to achieve the required oxygen content limitation.  An ejector evacuates all non-condensables and excess vent steam from the deaerator.




ACC Technology - Components
Vacuum System

Steam Jet Air Ejector

Vacuum Pumps

Apresentador
Notas de apresentação
The presence of non-condensables (eg. air,…) adversely affects the heat transfer performance of the heat exchange cores, therefore these non-condensables need to be continuously removed from the system via vacuum pumps or steam ejectors.

The hogging vacuum equipment is used to create the vacuum in the ACC at start-up.  This is accomplished by removing the air at atmospheric pressure from the system until the specified hogging pressure is achieved.  Once the hogging pressure is reached, operation is switched to the holding vacuum equipment, which is then operated simultaneously with the ACC.




ACC Technology - Components
Fin Tube Cleaning System

Cleaning LadderPump Skid

Apresentador
Notas de apresentação
The semi-automatic cleaning system consists of a pump skid with a 50 HP motor located at grade, steel piping to fan deck level and spray nozzles mounted on movable support frames (ladder) that run along rails the length of each side of each A frame. The nozzle support frames are manually moved along the length of the A-frames to perform the cleaning process.

Users typically wash the ACC during outages or once a year. The estimated cleaning time per cell is ~45 minutes at a flow rate of 265 liters/min. For instance, a 4x4 ACC would take around 191 m3 of water (45 minutes/cell x 16 cells x 265 liters/min = 190,800 liters) per wash.



Hybrid Cooling Technology

Cooling System Water Use Cost

Dry Cooling Zero Higher

Wet Cooling High Lower

Hybrid H2O Available Optimized

Apresentador
Notas de apresentação
When limited water is available, a hybrid cooling system combines an ACC and a SSC with a CT connected in parallel. This system is optimized to make use of the cooling water available in order to minimize the size of the ACC. 

The summer or hot days performance conditions are usually met with combined wet/dry cooling and without excheding the available makeup water flow rate. Less water will be required at colder days due to the increased capacity of the ACC.

Besides the water-saving benefit of a hybrid cooling system, there is the elimination of visible plume leaving the CT since the ACC can be designed to take the entire heat load for winter peformance conditions. 

On the right, Comanche’s 750 MW coal-fired Plant in Colorado with a 45-cell ACC and a 9-cell CT that requires 460 m3/h of makeup water or 0.6 m3/h per MW.



Hybrid Cooling Technology
Performance

ACC only

Hybrid
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Apresentador
Notas de apresentação
In this graph we can see the combimed Wet-Dry cooling system is more efficient by achieving lower backpressure, especially as the dry bulb temperature increases.



Hybrid Cooling Technology
Design Parameters
• Total steam turbine exhaust Steam Flow

• Steam Enthalpy or steam quality at turbine exhaust

• Steam Turbine Exhaust Pressure

• Plant Site Elevation (or atmospheric pressure)

• Design Inlet Air Dry Bulb and Wet Bulb Temperatures

• Annual or instantaneous Makeup Water Usage limits

• Auxiliary cooling duty (& flow) to be handled by cooling tower

• Climatic data for the site (DBT and WBT)

Apresentador
Notas de apresentação
For a hybrid cooling system, we need both ACC & CT design parameters to properly optimize the parallel condensing system as shown on this slide.

General design strategy:
 Not enough water for wet cooling  # acre-foot per year limit
 Cost optimization: minimize dry section as much as possible
 m’make-up for wet section has to be integrated over 1 year

1st step: analysis of climatic data for the site
 DBT & WBT occurrence in number of hours per year
 This kind of info is not available in the ASHRAE handbook
 Can be found in Engineering Weather Data (by NCDC)




Hybrid Cooling Technology
Optimization

33

Apresentador
Notas de apresentação
This is the summary of our hybrid cooling optimization software produces after several iterations. 

In this case, the final hybrid cooling system consisting of a 3-cell ACC, a 3,000 m2 surface area SSC and a 3-cell CT was about $5MUSD materials only.





Alternative Cooling Technologies
Economic Comparison (USA)

34
Source: EPRI

Apresentador
Notas de apresentação
This table is the summary of an extensive study made by EPRI in 2015 for a 200MW steam cycle with a backpressure of 235 mbara comparing wet, dry and hybrid systems that shows the water consumed per year and the installed cost for each one. 

If we take the Wet System as the base at an installed cost of $7MUSD, the Dry System is about 3.5X and the Hybrid System around 2.5X of the Wet alternative.



Alternative Cooling Technologies
Economic Comparison (Chile)

36Source: inodú Chile

Apresentador
Notas de apresentação
In 2014, Evapco Power helped a Chilean consulting firm to do a price comparison amongst different cooling slternatives for four 260 MW coal plants. This table is the summary of the 120-page study Inodú made for the Ministry of Energy in Chile. Please note the red dots are actually decimal points as the original table had errors and those figures had to be divided by ten.

If we take the Coronel plant that is 300m from the ocean and use the average unit costs shown above, we have the following total investment installed costs for the 4 cooling systems :

Once-through: 	$10.90 MUSD or   64%
Cooling tower (7 cells): 	$17.10 MUSD or 100% 
Cooling pond: 	$17.95 MUSD or  105%
ACC (50 cells): 	$48.75 MUSD or  285%
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Apresentador
Notas de apresentação
Here are some references used for this presentation that I recommend checking them out for more details and of course you can always contact me if you have any inquiries. 



https://www.epri.com/#/portfolio/en/2018/research_areas/2/073222


Questions & Answers

For more information:
Salvador Uribe Aldana | Director of Business Development

e-mail | suribe@evapco-blct.com
website | www.evapco-blct.com
Twitter | @EvapcoPower
Tel.  | +1 (908) 895-3233

Apresentador
Notas de apresentação
Obrigado pela sua participação e especialmente pelo apoio do IEMA e do IBAMA. Espero que vocês tenham aprendido algo novo hoje sobre a tecnologia dos sistemas de resfriamento para as UTEs e lhes ajudem em suas avaliaçoes de projetos.

Aqui está minha informação de contato no caso de vocês ter alguma dúvida ou solicitação. Muito obrigado e até logo.

mailto:suribe@evapco-blct.com
mailto:suribe@evapco-blct.com
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