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INTRODUCTION

Why This Guide?

Drying is one of the most effective ways to preserve crops. By reducing moisture
content, you can prevent spoilage, extend shelf life, and improve the market value
of crops.

But choosing the right dryer is not simple. Many entrepreneurs have invested in

dryers that later turned out to be ineffective —too expensive to run, too slow, or

damaging to the final product. These mistakes can lead to major losses in time,
money, and output quality.

This manual was created to prevent that.

At Vigyan Ashram, we’ve seen firsthand how misinformation and sales pressure
can lead to poor purchasing decisions. Business owners are often sold dryers that
don’t suit their specific crops or local conditions. We’ve heard stories of dryers
rusting after one season, of turmeric turning pale, or chili losing its aroma because
the wrong technology was used.

We are not selling dryers. We are not promoting one model over another.

We created this manual to help you make the best decision for your business -
based on independent field testing, practical experience, and real performance
data across many crop types and conditions.

This guide helps you match the right dryer to the crop you want to dry, based on
the following factors:

* Cost: Canthe dryer be bought and operated affordably?

 Ease of Operation: Can one person operate it without difficulty?

* Quality of Output: Will the dryer retain the color, taste, and aroma?

* Other key factors considered include speed, energy requirements, and ease of
maintenance
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THEORY OF DRYING

Drying is the process of evaporating water. This means using heat and airflow to
reduce moisture from fruits, vegetables, or leaves. The goalis to reduce the
moisture content to a safe level while preserving the crop’s aroma, color, and
nutrition.

Key Factors Affecting Drying

1. Crop Properties:
Different crops behave very differently when drying. Leafy vegetables like
spinach or coriander mostly hold surface moisture, which evaporates quickly.
On the other hand, fruits like bananas or turmeric have internal moisture that
takes longer to remove, often becoming the bottleneck in drying.

Some fruits, like grapes and tomatoes, are known to adapt during the drying
process and show non-linear drying rates. For example, grapes “breathe” — pull
moisture from inside to the surface, helping them dry faster. This may require
treating or pricking the skin before. More detail on each crop is available later
in this manual.

2. Drying Temperature:
Higher temperatures generally increase drying speed because warm air can hold
more moisture. However, drying too fast or at too high a temperature can damage
the crop’s natural properties such as aroma, color, or nutrients. For example,
leafy greens may lose their aroma above 50°C, while roots like turmeric can
tolerate 65-70°C. Each crop has its own ideal temperature range, so careful
controlis needed.

Temperature - Pabal, India
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THEORY OF DRYING

3. AirVelocity:
Airflow removes the moisture that evaporates from the crop’s surface. Natural
airflow systems depend on weather conditions like sunlight and wind, while
forced convection dryers (e.g., tunnel dryers, heat pumps) use electric fans to
improve drying consistency and speed. Greater airflow usually means more
uniform and faster drying, though this can raise energy costs.

Wind - Pabal, India
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4. Relative Humidity of Air:
Drying slows down when the surrounding air is humid. Humid air can't absorb
much more moisture, which makes evaporation less efficient. This is
especially a challenge during the monsoon season. Controlled systems like
heat pumps are better at managing humidity and drying evenly even during
poor weather.

Humidity - Pabal, India
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5. Sunlight Irradiance:
Solar dryers depend heavily on weather. In cloudy, rainy, or humid conditions,
solar-only dryers may perform poorly, resulting in uneven drying or even
microbial spoilage. Dryers with backup energy sources (like hybrid biomass
systems) are more reliable in such variable conditions.
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DECISION MATRIX

The following matrix gives you a guide of which crop and dryer combination is ideal,
possible (may have certain flaws), and not ideal. Detail to follow in the deep dives.
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Crop / Dryer (@) T — i = e n O I o < 0}
Chili Ideal Ideal :Possible:iPossible: Ideal :Notldeal:iPossible:Possible:Notldeal:Possible
Turmeric Possiblei Ideal Ideal :PossibleiNotlIdealiNotIdeal:Not Ideal; Ideal Ideal Ideal
Methi Ideal Ideal Ideal :Notideal:NotIdeal:NotIdeal: Possible :Not Ideal:Not Ideal:Not Ideal
Amla Possiblei Ideal Ideal Ideal iPossibleiNotldealiNotlIdeali Ideal :PossibleiPossible
Ginger Possible: Ideal Ideal Ideal :Possible:Possible:NotIdeal: Possible:Possible: Ideal
Tomato Possible: Ideal Ideal Ideal :Not ldeal: PossibleiPossible:iPossible:Possible:Possible
Papad PossibleiPossible: Ideal :PossibleiPossiblei Ideal Ideal :Possible:Possible:Possible
Mango Slices Possible; Ideal Ideal Ideal Ideal :Notldeal;Possible;Possible :Not Ideal: Possible
Banana Possiblei Ideal Ideal Ideal Ideal :PossibleiNotIdeal: Possible:Possible:Possible

Drumstick Leaves Ideal Ideal :PossibleiNotideal:NotIdeal: Possible :Not Ideal:Not Ideal:Not Ideal:Not Ideal

Spinach Ideal Ideal iPossibleiNotidealiNot Ideal: Possible iNotldealiNot IdealiNot Ideal:Not Ideal
Coriander leaves Ideal Ideal :PossibleiNotideal:Not Ideal: Possible iNot Ideal:Not Ideal:Not Ideal:Not Ideal
Mint leaves Ideal Ideal :NotidealiNotideal:Not Ideal: Possible iNot Ideal:Not Ideal:Not Ideal:Not Ideal
Pomegranate Possible: Ideal :Possible: Ideal :Possible:Notldeal:Not Ideal;Possible:Possible;Possible
Beetroot Possible! Ideal Ideal Ideal Ideal :NotldealiNot IdealiPossiblePossiblei Ideal

Lemon or citrus

peels Ideal Ideal Ideal Ideal iPossibleiPossibleiPossibleiPossible iNot Ideal:Not Ideal
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CROP DEEP DIVE: CHILI )&

Properties & Drying Science:

* Moisture Type: High initial surface moisture and moderate internal moisture.

* Drying Behavior:

* Fast surface evaporation phase (can cause skin hardening).
* Slow internal migration phase (requires steady heat without scorching).
* Critical Traits to Preserve: Bright red color, pungency (capsaicin), essential oils.

Tips for Drying:

» Slice or whole: Dry whole to preserve capsaicin; stem can be removed after.

* Pre-treatments: Blanching not recommended — may reduce spiciness. Washing should be
minimal to avoid moisture reabsorption.

* Recommended Drying Temperature: 45-55°C.

* Final Moisture Target: 8-10%.

Dry Crop Product Options:

* Whole dried chili for household or bulk sale.
* Ground into powder (popular in spice mix). .
¢ Chili flakes for condiments.

Infused chili oil (from oil-retaining varieties).
Seed extraction for resale or nursery

propagation.

Ideal Dryers:

Metrics Notes

Load: ~5-7 kg Retains aroma and color well; efficient for small to
Dome Dryer Time: 7-9 hr medium batches. Requires manual turning. Can be

Quality: High solar + electric hybrid.

L.Oadf ~15-20kg Controlled temperature and humidity ensure premium
Al Time: 9-12 hr quality. Ideal for export-grade chili; higher upfront cost.

Quality: Very High ’

Load: ~2-3 kg Very fast drying and excellent retention of color and
Microwave Dryer Time: 2-4 hr nutrients. Best for high-value, small-scale processing.

Quality: Very High  Expensive and complex.

Possible Dryers:

Tunnel Dryer

Notes

Good throughput but may over-dry outer layer and dull color if not carefully
monitored.

Electric Tray Dryer

Convenient and consistent but higher operational cost. May not preserve
aroma as well as dome or heat pump.

Solar Convection

Simple and cheap but drying takes longer. May not fully preserve essential
oils and color.

Hybrid Solar-
Biomass

Effective when combined with careful heat control. Smoke can affect flavor if
not vented properly.

Gas-Fired Dryer

Can be good with temperature control. Risk of over-drying or scorching
without sensors.

Not Ideal Dryers:

Flat Bed Dryer

Notes
Good throughput but may over-dry outer layer and dull color if not carefully
monitored.

Arti Dryer

Convenient and consistent but higher operational cost. May not preserve
aroma as well as dome or heat pump.
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CROP DEEP DIVE: TURMERIC 358

Properties & Drying Science:

* Moisture Type: Primarily internal moisture; very low surface moisture.

* Drying Behavior:

* Minimal surface phase due to tough skin.
* Longinternal drying phase that requires steady heat for water to migrate outward.
* Critical Traits to Preserve: Bright orange/yellow color, curcumin content (active compound),
essential oils for aroma.

Tips for Drying :

» Slice or Whole: Usually dried whole to preserve curcumin; can be sliced to accelerate drying.

* Preparation: Boil (blanch) roots for 45-60 minutes to reduce microbial load and gelatinize
starches before drying.

* Recommended Drying Temperature: 60-70°C (can tolerate higher temperatures without

major quality loss).

* Final Moisture Target: 6-10%.

Dry Crop Product Options:

* Whole dried rhizomes (used for storage or

commercial grinding).

* Ground turmeric powder (household spice

or commercial packaging).

Ideal Dryers:

* Turmeric oil extraction (from dried
rhizomes).

* Used in medicinal, cosmetic, and dye
applications.

Metrics Notes

Load: ~15-20 kg Excellent control over temperature and humidity.
Heat Pump Dryer Time: 1014 hr Ensures uniform drying and preserves essential oils

Quality: V High and color. Ideal for high-value turmeric.

Load: ~7-10 kg . .

. Suitable for large batches. Good airflow ensures

Tunnel Dryer Time: 8-12 hr VER SRS i e e

Quality: High y '
Hybrid Solar- 'IFloni: :;?,I_lshl:g Combines solar and biomass; efficient when heat
Biomass Quali'ty: High and smoke are properly managed.

Load: ~5-7 kg . .
Arti Dryer Time: 10-12 hr Effectl\‘/e'thermal performance. May require manual

. . supervision for best results.
Quality: High
. Lgad: ~10-15kg Can dry turmeric quickly with temperature sensors.
Gas-Fired Dryer Time: 7-10 hr . .
. . Good for bulk drying with adequate control.

Quality: High
Possible Dryers:

Notes

Dome Dryer

Usable for small batches. Manual turning needed. Risk of inconsistent

drying.

Electric Tray Dryer

Offers consistent performance, but running cost may be high for bulk loads.

Not Ideal Dryers:

Microwave Dryer

Notes

High intensity may cause nutrient loss or scorching. Poor for thick rhizomes.

Flat Bed Dryer

Risk of surface hardening and uneven internal drying in dense turmeric

slices.

Solar Convection

Drying is slow and inconsistent, not suitable for thick, moisture-rich crops

like turmeric.
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CROP DEEP DIVE: METHI %

Properties & Drying Science:

* Moisture Type: High surface moisture and low-to-moderate internal moisture.

* Drying Behavior:

* Fast surface evaporation phase (risk of shrinkage or leaf curling).
* Minimalinternal migration needed, but sensitive to temperature and airspeed.
* Critical Traits to Preserve: Green color, aroma (volatile oils), leaf structure, and taste.

Tips for Drying:

» Slice or whole: Dry whole leaves; avoid cutting to preserve integrity.

* Pre-treatments: Blanching not recommended - leads to discoloration and aroma loss.
* Recommended Drying Temperature: 35-45°C (low temp to preserve aroma).

* Final Moisture Target: <8%.

Dry Crop Product Options:

* Dried methi leaves for cooking. * Herbal blends and teas.
* Powdered methi (used in spice blends or * Leaf extracts (if processed post-drying).
supplements).

Ideal Dryers:

Metrics Notes

L.Oadf ~5-7kg Gentle drying preserves aroma and essential oils; best
Dome Dryer Time: 4-6 hr for leafy crops. Manual turning required

Quality: High y crops. quirec.

Load: ~15-20 kg Excellent for aroma, color, and nutrient retention.
Heat Pump Dryer Time: 3-5 hr Automated and consistent, ideal for export-grade

Quality: Very High  methi.

Load: ~30-50 kg Good for large batches. Uniform drying if trays are

UL L g?ai;tsjagh rotated; may require monitoring for outer layer crisping.
Possible Dryers:
Notes

Solar Convection

Low-cost option. Longer drying time and may lose some aroma. Works in
sunny climates for small batches.

Not Ideal Dryers:

Electric Tray Dryer

Notes

Inconsistent for leafy greens; tends to overdry edges or cook leaves.

Microwave Dryer

Risk of nutrient loss and overheating. Not suitable for leafy crops.

Flat Bed Dryer

Not suitable for fragile leaves like methi; risk of uneven drying and quality
loss.

H.yb"d sele Temperature spikes from biomass combustion can degrade leaf quality.
Biomass
Arti Dryer Not optimized for delicate leaves. May reduce flavor and aroma.

Gas-Fired Dryer

Hard to control temperature precisely. Can scorch delicate leaves.
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CROP DEEP DIVE: AMLA &

Properties & Drying Science:

* Moisture Type: High internal moisture; low surface moisture.
* Drying Behavior:
* Slow internal migration dominates the drying process; requires steady, sustained heat.
» Skin can act as a barrier, so drying whole is slower.
* Critical Traits to Preserve: Vitamin C content (often lost first), tartness, medicinal properties,
and light green color (avoid browning).

Tips for Drying:
* Slice or whole: Slicing into halves or thin pieces is recommended for faster and even drying.

* Pre-treatments: Optional soaking in salt or lemon solution to reduce oxidation. Blanching can

improve color retention.
* Recommended Drying Temperature: 50-60°C.

* Final Moisture Target: 8-10%.
Dry Crop Product Options:

* Dried amla slices (eaten as-is or rehydrated * Candy or sweetened amla (after drying +
for recipes) sugar infusion)
* Amla powder (for supplements or spices) * Ayurvedic/medicinal applications

Ideal Dryers:

Metrics Notes
Load: ~15-20 kg Retains vitamin C, color, and texture. Gentle and
Heat Pump Dryer Time: 5-7 hr uniform drying for value-added products like powder or

Quality: Very High  candy.
Load: ~30-50 kg
Tunnel Dryer Time: 8-10 hr
Quality: High
Load: ~10-15 kg
Electric Tray Dryer Time: 6-8 hr

Efficient for sliced amla. Good batch capacity. May need
turning to avoid uneven drying.

Convenient and consistent. Effective for segmented
amla. Control needed to avoid over-drying.

Quality: High
Hybrid Solar- 'Iljloni: 295;]?5 ke Good for medium-scale use. Requires careful
Biomass ) ) combustion control to avoid flavor loss.
Quality: High
Possible Dryers:
Notes

Can work well in dry, sunny conditions. Drying time may be slow; risk of

Dome Dryer . . . : . .
y oxidation - risk of vitamin C retention.

Microwave Dryer Very fast but not cost-effective for bulk. Can damage vitamin C if overheated.
Arti Dryer Can work if carefully monitored. May not preserve aroma and color as well.
Gas-Fired Dryer Effective if temperature is well-regulated. Risk of scorching.

Not Ideal Dryers:

Notes
Not suited for sliced or whole amla. Can lead to surface hardening and
uneven internal drying.

Solar Convection Long drying time. Inconsistent results and high nutrient loss risk for amla.

Flat Bed Dryer

Prepared by Vigyan Ashram (2025) ]




CROP DEEP DIVE: GINGER lﬁ?

Properties & Drying Science:

* Moisture Type: High internal moisture, moderate surface moisture.
* Drying Behavior:
* Slow internal migration phase — Requires sustained moderate heat.
* Risk of case hardening if dried too quickly at high temperatures.
* Critical Traits to Preserve: Volatile essential oils (gingerol, zingiberene), aroma, yellow-tan
color, fiber structure.

Tips for Drying:

» Slice or whole: Thin slicing (3—-5 mm) improves efficiency and uniformity.

* Pre-treatments: Blanching recommended - Inactivates enzymes, improves color, and reduces
microbial load. Soaking in citric acid or sodium metabisulfite (optional) can help preserve color
and aroma.

* Recommended Drying Temperature: 50-60°C.

* Final Moisture Target: 6-10%.

Dry Crop Product Options:

* Dried ginger chips for food or tea. * Essential oil extraction (requires aroma
* Ginger powder for spice blends, pharma, or retention).
cosmetics. * Ginger granules for herbal applications.

Ideal Dryers:

Metrics Notes
Load: ~15-20 kg
Heat Pump Dryer Time: 6-8 hr
Quality: Very High
Load: ~30-50 kg
Tunnel Dryer Time: 7-10 hr
Quality: High
Load: ~10-15 kg
Electric Tray Dryer Time: 6-8 hr
Quality: High
Load: ~20-30 kg
Gas-Fired Dryer Time: 5-7 hr
Quality: High

Maintains pungency, oils, and color. Ideal for export-
quality ginger and oil extraction.

Suitable for large-scale slicing operations. Needs
airflow control to avoid uneven drying.

Consistent and efficient. Well-suited for sliced ginger
and good aroma retention.

Works well with proper temperature monitoring. Good
for industrial-scale drying.

Possible Dryers:

Notes

Works for small batches. May lose aroma unless carefully monitored.
Requires manual rotation if using natural convection setup.

Very fast; retains oils well but risk of uneven drying and burnt edges. Useful
for extracts.

Can be used but must avoid skin hardening and uneven heat distribution.
Not optimal for thick slices.

Dome Dryer

Microwave Dryer

Flat Bed Dryer

Hybrid Solar- Acceptable for semi-controlled drying. Watch for smoke taint and
Biomass temperature variation.
Arti Dryer May dry unevenly. Works for coarse uses (e.g. animal feed) but not ideal for

food-grade ginger.

Not Ideal Dryers:

Notes
Too slow for ginger's internal moisture profile. Risk of microbial growth and
aroma loss.

Solar Convection
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CROP DEEP DIVE: TOMATO @

Properties & Drying Science:

* Moisture Type: Very high internal and surface moisture (~93-95%).

* Drying Behavior: Tomatoes have thick skin and pulpy interior, which slows internal moisture
migration. High moisture requires longer drying time and consistent ventilation to avoid
fermentation or microbial growth. Surface may harden if dried too fast.

* Critical Traits to Preserve: Color (bright red), tangy flavor, lycopene content, texture (for flakes
or slices), and aroma.

Tips for Drying:

* Slice or whole: Slice into 5-8 mm thick pieces. Uniform thickness improves efficiency and
prevents uneven drying.

* Pre-treatments: Salt dip or citric acid soak to preserve color and reduce microbial growth
(optional but recommended). Blanching is not recommended unless enzymes are a concern.

* Recommended Drying Temperature: 50-60°C.

* Final Moisture Target: 10-12%.

Dry Crop Product Options:

* Sun-dried tomato slices or powders for * Flavor concentrates (if aroma and lycopene
culinary use are retained)
* Tomato granules or flakes for soups/sauces * Value-added products: chips, chutneys, etc

Ideal Dryers:

Metrics Notes
Load: ~15-20 kg
Heat Pump Dryer Time: 1012 hr
Quality: Very High
Load: ~30-50 kg
Tunnel Dryer Time: 8-10 hr
Quality: High
Load: ~5-10 kg
Electric Tray Dryer Time: 10-12 hr
Quality: High

Gentle drying preserves color, flavor, and lycopene.
Ideal for premium products.

Best for high-volume, uniform batches. Needs airflow
control to avoid soft spots.

Consistent drying. Works well for sliced tomatoes.
Monitor to avoid over-drying.

Possible Dryers:

Notes

Suitable for small batches. May lose color and aroma. Rotate manually if
natural convection.

Can be used for bulk drying but risks uneven heat exposure. Must be
monitored.

Works in dry climates but long drying time can risk spoilage. Night drying
may need to be avoided.

Dome Dryer

Flat Bed Dryer

Solar Convection

Hybrld Solar- Better than pure solar. Use carefully to avoid smoke taint and overheating.
Biomass
Arti Dryer Affordable but difficult to control for precise drying. Suitable only for coarse

drying.
Effective for speed. Needs careful monitoring to avoid aroma and sugar
degradation.

Gas-Fired Dryer

Not Ideal Dryers:

Notes
Risk of cooking or caramelizing sugars. Uneven drying. Not suited for tomato
pulp or slices.

Microwave Dryer
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CROP DEEP DIVE: PAPAD

Properties & Drying Science:

* Moisture Type: Low internal and surface moisture (mostly from added water during dough

preparation).

* Drying Behavior: Rapid initial evaporation due to thin structure. Uniform drying critical to
prevent curling or cracking.
* Critical Traits to Preserve: Crisp texture, flat shape, uniform drying, surface hygiene.

Tips for Drying:

* Slice or whole: Papad is a thin, uniform disc; no cutting required.
* Pre-treatments: Optional - light oiling or steaming before drying can improve shelf life and

texture.

* Recommended Drying Temperature: 45-55°C.
* Final Moisture Target: 8-10% (dry and brittle but not overbaked).

Dry Crop Product Options:

* Sun-dried or machine-dried papads for frying, roasting, or microwaving.
* Spiced papad varieties for retail sale (plain, masala, urad dal, rice-based).
* Export-quality dried papads for packaging and shelf storage.

Ideal Dryers:

Metrics Notes

Lpad: ~20-40kg Fast, uniform drying. Suitable for large batches of flat
Tunnel Dryer Time: 4-6 hr roducts like papad

Quality: High P papad.

Load: ~10-30 kg . . . o
Flat Bed Dryer Time: 5-7 hr Even drying with proper airflow. Helps maintain flat

. . shape and texture.
Quality: High
. Load: ~5-10 kg . . o

Solar Convection Time: 6-8 hr Low-cost, eco-friendly. Requires close monitoring to

Dryer

i ling.
Quality: Moderate avoid curling

Possible Dryers:

Dome Dryer

Notes

Works for small batches. May need manual turning. Watch for shape
retention.

Heat Pump Dryer

Premium option with gentle airflow. Can be overengineered for simple papad
drying.

Electric Tray Dryer

Consistent drying, but trays must be kept flat. Higher cost.

Microwave Dryer

Very fast, but risks uneven drying and edge burning. Not optimal for large-
scale drying.

Hybrld Solar- Can be effective with smoke control. Requires airflow balancing.
Biomass
Arti Dryer Can dry small batches but not optimized for thin, flat sheets.

Gas-Fired Dryer

High throughput, but risk of scorching edges. Needs careful temp control.
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CROP DEEP DIVE: MANGO SLICES g*;;f

Properties & Drying Science:

* Moisture Type: High internal and surface moisture.

* Drying Behavior: Initial surface drying is rapid, followed by a prolonged internal migration
phase. Risk of case hardening and fermentation if not dried evenly.

* Critical Traits to Preserve: Bright orange/yellow color, natural aroma, sweetness, chewiness.

Tips for Drying:

* Slice or whole: Always slice (4-8 mm thick) for even drying. Uniform thickness improves
quality.

* Pre-treatments: Dipping in ascorbic acid or citric acid solution reduces browning and
improves shelf life. Optional mild sulfite treatment can be used for color retention.

* Recommended Drying Temperature: 50-60°C.

* Final Moisture Target: 12-18% (depending on desired texture — chewy vs crisp).

Dry Crop Product Options:

* Chewy dried mango slices for retail or * Powdered mango for flavoring and baking
export. (requires post-drying grinding).
* Crispy mango chips (with extended dryingor * Ingredients for trail mixes, cereals, or
frying after drying). sweets.
Ideal Dryers:
Metrics Notes
Load: ~10-15 kg

Heat Pump Dryer

Excellent aroma and color retention. Gentle drying

[ avoids case hardening. Suitable for premium products.

Quality: Very High

Load: ~30-50 kg High-capacity and good control over airflow. Works well

Tunnel Dryer Time: 7-10 hr . g
. i for uniform slices.
Quality: High
. Lgadf ~10-20kg Consistent output with flat trays. Efficient for sliced

Electric Tray Dryer Time: 6-8 hr TS, PeeniEs sewer e

Quality: High ke .

Load: ~2-5 kg . .
VheremEre B Time: 2-3 hr Very fast and effective for retaining aroma. Best for

Gl Vo i small-batch premium processing.

Possible Dryers:

Dome Dryer

Notes

Usable in dry weather but needs monitoring. May cause uneven drying or
browning.

Solar Convection

Economical option. Slow drying may cause aroma loss or microbial growth

Dryer without careful control.
Hybrid Solar- Better than pure solar for mangoes. Can handle larger loads. Risk of
Biomass smokiness if not vented.

Gas-Fired Dryer

Effective with strict temperature control. Risk of caramelization or burnt
edges.

Not Ideal Dryers:

Flat Bed Dryer

Notes
Not suited for thin slices —uneven airflow can cause discoloration or
spoilage.

Arti Dryer

Poor airflow and heat control for mango slices. May lead to microbial risks or
under-drying.
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CROP DEEP DIVE: BANANA =38

Properties & Drying Science:

* Moisture Type: High internal moisture, high surface stickiness (due to sugars).

* Drying Behavior: Prolonged internal moisture migration; sticky surface can cause clumping.
Risk of browning and microbial growth if not dried efficiently.

* Critical Traits to Preserve: Natural sweetness, golden-yellow color, chewy or crisp texture
(based on product type).

Tips for Drying:

» Slice or whole: Slice (4-8 mm thick) for uniform drying. Thinner for chips, thicker for chewy
texture.

* Pre-treatments: Optional dipping in lemon juice or citric acid reduces browning. Light sugar
syrup soak can improve flavor and texture for chips.

* Recommended Drying Temperature: 50-60°C.

* Final Moisture Target: 12-18% depending on desired texture.

Dry Crop Product Options:

* Banana chips (crispy or chewy). * Dried slices for snacks or cereal mixes.
* Powdered banana for baking or baby food. * Flavored or spiced banana snacks.
Ideal Dryers:

Metrics Notes

Load: ~10-15 kg
Heat Pump Dryer Time: 6-8 hr
Quality: Very High
Load: ~30-50 kg
Tunnel Dryer Time: 7-10 hr
Quality: High
Load: ~10-20 kg
Electric Tray Dryer Time: 6-8 hr Good for thin slices; tray-based design avoids clumping.
Quality: High
Load: ~2-4 kg
Microwave Dryer Time: 2-3 hr
Quality: Very High

Gentle drying retains color, flavor, and sugar balance.
Ideal for chewy or export-quality chips.

Handles bulk slicing with consistent results. Needs
airflow control to prevent sticking.

Excellent for color and aroma retention. Ideal for high-
value small-batch drying.

Possible Dryers:

Notes
Dome Dryer Can pe used in dry weather. Risk of clumping and uneven drying without
rotation.
Flat Bed Dryer May work for thin slices, but sticky surface increases clumping risk.
Hybrld Solar- Reliable with moderate control. Ensure no direct flame or smoke exposure.
Biomass

Gas-Fired Dryer Works well with proper controls. Monitor closely to prevent over-drying or

browning.

Arti Dryer Acceptable for coarse or thick slices. May require monitoring for uneven
heat.

Not Ideal Dryers:
Notes

Drying is too slow for high-sugar fruits like banana. Risk of browning,

lar Convection . . '
SOl fermentation, or microbial growth.
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CROP DEEP DIVE: DRUMSTICK LEAVES &

Properties & Drying Science:

* Moisture Type: High surface moisture, moderate internal moisture.

* Drying Behavior: Quick surface drying followed by slow internal dehydration. Sensitive to
heat—risk of discoloration and aroma loss at high temperatures.

* Critical Traits to Preserve: Bright green color, aroma, nutrient content (especially Vitamin A,
C, calcium, iron), and fine texture.

Tips for Drying:

* Slice or whole: Use whole leaves. De-stemming is recommended to improve uniformity.

* Pre-treatments: Optional blanching to reduce microbial load but can affect color. Shadow
drying before mechanical drying can help reduce initial load gently.

* Recommended Drying Temperature: 40-50°C.

* Final Moisture Target: 5-8% for powdering.

Dry Crop Product Options:

* Dried whole leaves for teas or infusion. * Capsules or fortified food additive for
* Powdered drumstick leaf for nutrition protein and vitamin enhancement.
supplements or animal feed. * Used in spice blends or chutney mixes.

Ideal Dryers:

Metrics Notes
Load: ~3-5 kg Gentle and effective in sunny, dry conditions. Preserves
Dome Dryer Time: 5-7 hr nutrients and color well. Manual rotation may be
Quality: High needed.
Load: ~10-15 kg . .
Heat Pump Dryer Time: 6-8 hr Controlled environment retains aroma, color, and

Gl Vi i nutrients. ldeal for premium leaf powder.

Possible Dryers:

Notes
Suitable for bulk drying if carefully monitored. Airflow control is important to
avoid clumping.

Tunnel Dryer

Flat Bed Dryer Acceptable if used at low temperatures. Risk of uneven drying at scale.

Not Ideal Dryers:

Notes
High temperature risk; uneven drying and aroma loss. Not suited for leafy

Electric Tray Dryer

texture.

Microwave Dryer

Causes scorching and leaf brittleness. Poor retention of nutrients.

Solar Convection

Slow drying. Risk of discoloration and microbial growth.

H.yb"d Solar- Inconsistent heat control. High chance of smoke taint.
Biomass
Arti Dryer Not suitable for fine leafy crops. Uneven airflow and overheating issues.

Gas-Fired Dryer

Not suitable due to high uncontrolled temperatures and aroma loss.
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CROP DEEP DIVE: SPINACH &R

Properties & Drying Science:

* Moisture Type: High surface moisture, moderate internal moisture.

* Drying Behavior: Rapid surface drying; inner veins retain moisture longer. Risk of case
hardening or discoloration with excess heat.

* Critical Traits to Preserve: Bright green color, folate, iron, vitamins A & C, aroma, and delicate
leaf texture.

Tips for Drying:

* Slice or whole: Whole leaves or torn in half. De-stem if midribs are thick.

* Pre-treatments: Brief blanching (30-60 sec) helps retain color and deactivates enzymes.
Cooling and draining are essential to avoid sogginess.

* Recommended Drying Temperature: 40-50°C.

* Final Moisture Target: 5-8% for powdering or crisp leaves.

Dry Crop Product Options:

Herbal supplement capsules or nutrition
blends.
* Animal/poultry feed fortifier.

* Spinach powder for soups, sauces, pasta, .
and baby food.

* Dried whole/flake spinach for institutional
kitchens or dehydrated meal kits.

Ideal Dryers:

Metrics Notes
Load: ~3-5 kg Retains color and nutrients if dried in indirect sunlight.
Dome Dryer Time: 5-7 hr Manual rotation may be needed. Good for small-scale
Quality: High use.
Load: ~8-15 kg . . . .
Heat Pump Dryer Time: 6-8 hr Gentle, uniform drying with excellent nutrient and color

e i Ve R retention. Suitable for premium spinach powder.

Possible Dryers:

Notes

Usable at large scale but must be carefully monitored for airflow and leaf

Tunnel Dryer clumping. May need mesh trays.

Can be used if heat is well-controlled and leaves are spread thin. Moderate

AL risk of uneven drying.

Not Ideal Dryers:

Notes

Electric Tray Dryer

Risk of uneven heating and brittle edges. Difficult to retain leaf color.

Microwave Dryer

High risk of scorching or texture damage. Poor control for leaf crops.

Solar Convection

Very slow and often uneven. High risk of color loss and microbial growth.

H.yb"d Solar- Risk of smoke taint and overheating. Difficult to maintain optimal temps.
Biomass
Arti Dryer Not suitable for lightweight leafy greens. Uneven heat and airflow.

Gas-Fired Dryer

Too harsh for delicate spinach leaves. Significant nutrient and aroma loss.
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CROP DEEP DIVE: CORIANDER LEAVES

Properties & Drying Science:

* Moisture Type: High surface moisture and high internal moisture.

* Drying Behavior: Surface water evaporates quickly, but internal moisture takes longer. Leaves
are prone to shrinkage, aroma loss, and discoloration if overheated.

* Critical Traits to Preserve: Green color, fresh aroma (linalool and other volatiles), and leaf

texture.

Tips for Drying:

» Slice or whole: Dry whole or remove thicker stems. Avoid cutting to preserve essential oils.

* Pre-treatments: Optional short blanch (15-30 sec) may help retain green color but can reduce
aroma. lce bath and careful draining essential.

* Recommended Drying Temperature: 35-45°C..

* Final Moisture Target: 5-8% for powder or flakes.

Dry Crop Product Options:

* Coriander leaf powder for spices and .

flavoring.

* Dried flakes for food kits, dehydrated soups, °
or institutional kitchens.

Ideal Dryers:

Feed-grade dry matter (lower quality
product).

Ingredient in herbal formulations and
chutney mixes.

Metrics Notes

Lgad: ~3-5kg Gentle sun-assisted drying. Retains color and aroma
Dome Dryer Time: 5=7 hr well if regularly rotated. Low-cost.

Quality: High

Load: ~8-12 kg Precise temperature and humidity control preserves
Heat Pump Dryer Time: 6-8 hr delicate aroma and bright color. Premium quality

Quality: Very High  output.

Possible Dryers:

Tunnel Dryer

Notes

Moderate risk of uneven airflow. Useful for higher volumes with airflow
tuning.

Flat Bed Dryer

Acceptable with careful leaf spreading. Risk of uneven drying and color loss.

Not Ideal Dryers:

Electric Tray Dryer

Notes

Risk of burnt edges or uneven drying. Poor aroma retention.

Microwave Dryer

Too aggressive. High risk of scorching and volatile oil loss.

Solar Convection

Drying takes too long; aroma loss and microbial growth risk.

H.yb"d Solar- Heat not consistent. Smoke taint and aroma damage possible.
Biomass
Arti Dryer Heat control inadequate for leafy herbs. Texture and aroma degrade.

Gas-Fired Dryer

Harsh drying leads to complete aroma and nutrient loss.
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CROP DEEP DIVE: MINT LEAVES %

Properties & Drying Science:

* Moisture Type: High surface moisture with delicate leaf structure.

* Drying Behavior: Rapid surface drying can cause curling and browning. Aroma is sensitive to
heat and oxidation.

* Critical Traits to Preserve: Menthol-rich aroma, leaf color (vibrant green), and structure.

Tips for Drying:

» Slice or whole: Dry whole leaves. Avoid chopping, which accelerates aroma loss.

* Pre-treatments: Avoid blanching. Shade drying (partial) or indirect solar exposure can help
preserve essential oils.

* Recommended Drying Temperature: 30-40°C..

* Final Moisture Target: 5-8%.

Dry Crop Product Options:

* Dried mint leaves for herbal teas and * Pharmaceutical or cosmetic inputs
infusions. (essential oil distillation).

* Powdered mint for spice mixes, chutneys, or * Petal-like flakes for ready-to-eat meals or
seasoning. sachets.

Ideal Dryers:

Metrics Notes
Lgad: ~2-4kg Low-cost and gentle. Preserves color and aroma well if
Dome Dryer Time: 5-7 hr . . . .
. . shaded or semi-ventilated. Requires careful turning.
Quality: High

Load: ~6-10 kg
Heat Pump Dryer Time: 6-8 hr
Quality: Very High

Best for preserving menthol aroma and leaf integrity.
Premium export-quality output.

Possible Dryers:

Notes

Only works if thinly layered and carefully monitored. Risk of uneven drying or

AEELE DI discoloration.

Not Ideal Dryers:

Notes

Tunnel Dryer High airflow and heat can cause aroma and color degradation.

Electric Tray Dryer Hot spots and high fan speed may damage delicate oils.

Microwave Dryer Too aggressive. Rapid heating causes essential oil evaporation.

Solar Convection Long drying time and high heat cause aroma loss and leaf browning.

Hybrid Solar-Biomass Smoke taint risk and variable temperature hurt mint quality.

Arti Dryer No fine control. High temperature variation ruins leaf quality.

Gas-Fired Dryer Heat too intense and direct. Volatile oil content destroyed.
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CROP DEEP DIVE: POMEGRANATE @

Properties & Drying Science:

* Moisture Type: High surface and internal moisture; delicate outer membrane.

* Drying Behavior: Rapid moisture loss from the surface initially. Internal sugars and acids can
become sticky, risking browning if overheated.

* Critical Traits to Preserve: Bright red color, juicy texture, polyphenols, sugars, tartness.

Tips for Drying:

* Slice or whole: Use only arils (seeds). Avoid bruising during extraction.

* Pre-treatments: Light osmotic dehydration or soaking in ascorbic acid can help preserve color
and reduce stickiness.

* Recommended Drying Temperature: 45-55°C..

* Final Moisture Target: 10-15%.

Dry Crop Product Options:

* Dried pomegranate arils for snacking (like .

raisins).

* Ingredient for trail mixes, cereals, granola

bars.

Ideal Dryers:

Heat Pump Dryer

Rehydrated arils for dessert toppings.
* Powdered arils for flavoring or
nutraceuticals.

Metrics Notes
Lgad: ~Ie=ls Preserves color and antioxidants well. Ideal for
Time: 6-10 hr

Sl Ve R premium snack-grade arils.

Load: ~5-10 kg Gentle and even. Works well with color-preserving pre-

Electric Tray Dryer Time: 5-7 hr
. . treatments.
Quality: High
Possible Dryers:
Notes

Dome Dryer

Can work for small batches. Needs close monitoring to avoid over-drying or
color loss.

Tunnel Dryer

Suitable for scale. Requires airflow control to prevent edge darkening.

Microwave Dryer

Quick drying but risk of puffing or scorching. Suitable for specialty formats.

Hybrid Solar- Acceptable with filtered airflow. Watch for discoloration due to smoke or
Biomass soot.
Arti Dryer Inexpensive option for coarse-grade output. Needs tight temperature

control.

Gas-Fired Dryer

May cause browning or shrinkage unless regulated carefully.

Not Ideal Dryers:

Flat Bed Dryer

Notes
Not suited for sticky or small items like arils. High risk of uneven drying and
loss.

Solar Convection

Inconsistent temperature and long drying time can ruin color and taste.
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CROP DEEP DIVE: BEETROOT #

Properties & Drying Science:

* Moisture Type: High internal moisture and moderate surface moisture.

* Drying Behavior: Slow internal drying; thick slices can retain water at the center. Risk of case
hardening or darkening if exposed to high heat early.

* Critical Traits to Preserve: Deep red-purple color (betalains), earthy flavor, sugars, fiber.

Tips for Drying :

* Slice or Whole: Thin slicing (3—4 mm) improves drying rate and color preservation.
* Preparation: Blanching can help fix color and soften structure; avoid overcooking.
* Recommended Drying Temperature: 50-60°C.

* Final Moisture Target: 8-10%.

Dry Crop Product Options:

* Dried beetroot chips (snack market).

* Ground beet powder (used for colorant or supplements).
* Flakes for soups, mixes, or dehydrated meals.

* Petfood or livestock supplements.

Ideal Dryers:

Metrics Notes
Load: ~15-20 kg
Heat Pump Dryer Time: 6-8 hr
Quality: Very High
Load: ~30-50 kg
Tunnel Dryer Time: 7-10 hr
Quality: High
Load: ~10-15 kg
Electric Tray Dryer Time: 6-8 hr
Quality: High
Load: ~2-3 kg
Microwave Dryer Time: 1-2 hr
Quality: Very High
Load: ~20-30 kg
Gas-Fired Dryer Time: 5-7 hr

Retains color and sweetness well. Good for chips or
beet powder.

Suitable for large batches. Requires proper airflow
to avoid scorching.

Even drying. Great for thin slices; preserves texture
and taste.

Excellent nutrient and color retention. Best for
small, high-value batches.

Fast drying if temperature is controlled. Good for
flakes or powder.

Quality: High
Possible Dryers:
Notes
Can be used for small batches. May lose color if exposed too long to
Dome Dryer .
sunlight.
Hybrld Solar- Acceptable if heat is well-regulated. Risk of darkening with smoke exposure.
Biomass
Arti Dryer Suitable for coarse applications. May dry unevenly without mesh trays.

Not Ideal Dryers:

Notes
Flat Bed Dryer No'F suited for thick or sticky slices. Risk of color degradation and uneven
drying.
. Long drying times and variable heat. Often results in faded or browned
Solar Convection product
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CROP DEEP DIVE: LEMON OR CITRUS PEELS

Properties & Drying Science:

* Moisture Type: Moderate surface moisture, moderate internal moisture.

* Drying Behavior: Initial surface drying is fast but internal moisture persists. Essential oils are
volatile and can evaporate under high or uneven heat.

* Critical Traits to Preserve: Aroma (limonene, citral), vibrant color, bitterness (flavonoids),
essential oils.

Tips for Drying:

* Slice or whole: Thin peels or zest strips (1-2 mm thick) are ideal. Uniformity is key to avoid
over-drying edges.

* Pre-treatments: No blanching required. Can dip in mild citric acid to retain color. Avoid
washing after slicing.

* Recommended Drying Temperature: 45-55°C.

* Final Moisture Target: 6-10%.

Dry Crop Product Options:

* Dried citrus peel for culinary use (e.g. tea,

spice blends).

* Powder for bakery, flavoring, or cosmetic

applications.

Ideal Dryers:

Essential oil extraction (from fresh or
partially dried peels).

* Herbal formulations or traditional medicine
uses.

Metrics Notes

Lpad: /Y Preserves aroma and color well. Good for small-scale
Dome Dryer Time: 6-8 hr operations. Requires manual turning

Quality: High P - heq '

Load: ~10-15 kg . .
Heat Pump Dryer Time: 6-8 hr Excellent retention of oils and aroma. Ideal for

Gl Vo el premium-grade citrus peel.

Load: ~30-50 kg Efficient for bulk drying. Requires airflow control to

Tunnel Dryer Time: 810 hr avoid uneven dryin

Quality: High ying.

Load: ~10-20 kg . . i i i i
Electric Tray Dryer  Time: 6-8 hr Reliable option for uniform drying. Avoid stacking peels

: . too densely.

Quality: High
Possible Dryers:

Notes

Microwave Dryer

Very quick drying and good oil retention, but costly and limited batch size.

Flat Bed Dryer

Can be used with care. Uneven heat may result in aroma loss or browning.

Solar Convection

Cost-effective but slow. May lead to fading of aroma and color.

Hybrid Solar-
Biomass

Acceptable if temperature is well-regulated. Risk of flavor taint from smoke.

Not Ideal Dryers:

Arti Dryer

Notes

May dry unevenly and fail to preserve citrus aroma and essential oils.

Gas-Fired Dryer

Can cause overheating and loss of volatile compounds if hot sensor-
controlled.
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DRYER COMPARISON TABLE

The following table shows you a quick comparison between dryers. Detail to follow

in the deep dives.

Advantages

Limitations

Dryer Type

Emissions Speed

Best For

Cheap, easy to

Slow, requires

Dome Low VeryLow  Slow Leafy greens, build, no external manual turning,
low-bulk crops
energy needed weather-dependent
Export crops, High control, High initial
Heat Pump High Medium Medium fruits, high-value preserves investment and
herbs color/aroma running cost
Bulk crops like :?r;g:gvowme Requires airflow
Tunnel High High Medium banana, YIne, quires ¢
consistent control, high cost
beetroot, tomato
performance
ElectricTray Medium Medium  Medium Uit SPices,  Evendrying, —  Energy dependent,
citrus peels manageable size moderate capacity
High-value, Very fast, '
. . . Very small-scale Expensive, complex,
Microwave VeryHigh High ... preserves
Fast crops (e.g., chili, . low throughput
. nutrients well
ginger)
- Simple, Uneven drying
Flat Bed VeryLow Medium  Medium Cereals, chil, moderate possible, not good
pomegranate . .
capacity for leafy items
Solar Spices, fruitsin  Low cost and Slow and weather
. Low VeryLow  Slow .
Convection sunny seasons  emissions dependent
Hybrid . . . Fruits, root Works in cloudy  Needs fuel source
Solar- Medium  Medium Medium . .
. crops conditions and supervision
Biomass
Coarse or . . .
Arti Very Low High Fast animal feed Quick drying, low Unt‘ave'n heat, high
tech emissions
crops
Industrial
Gas-Fired High High Fast processing, High temperature High running cost

uniform sliced
crops

control

and emissions
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DRYER DEEP DIVE: DOME DRYER

Description: < Ventillation Cap

Extractor Pipes —

Low-cost, semi-spherical solar dryer made from
bamboo or steel frame covered with sheets. Dome
shape enhances sunlight capture and promotes
airflow, creating a greenhouse effect that raises
internal temperatures for efficient drying.

Solar Dome
" Dryer

<—Drying Chamber

Usability:

* Use: Suitable for leafy greens (methi, spinach, coriander), herbs (mint), and some vegetables
and fruits (banana, amla, beetroot, citrus peels). Not ideal for high-throughput crops.

* Energy source: Passive solar (uses full sun); can also include electric fan for better drying.

* Operating: Requires manual tray rotation and occasional turning; 1-2 people can manage.

* Building or buying: Can be built locally using basic tools and materials, or purchased.

Investment:

* Cost: 38,000—%25,000 depending on size and materials; low operating cost.

» Lifespan: 3-5 years with proper care.

* ROl example: A dome drying ~6-10 kg of greens daily can save or generate ¥400-3800/week
depending on market prices.

Efficiency:

* Drying speed: Slow to medium (1.5-2x faster than open sun drying).

* Drying time: 2-4 days depending on crop and weather (5-10 hours of sunlight/day).
* Internal temperature: 45-60°C depending on sun and airflow.

* Moisture reduction: Typically reduces from 75-85% to ~10-15%.

Output quality:
* Good retention of aroma and color in leafy crops.

* Natural drying minimizes scorching risk.
* Manual tray rotation helps achieve even drying.

Technical information:

* Materials: Frame: Bamboo or mild steel; Cover: UV-stabilized polycarbonate/plastic sheet.
* Dimensions: Common sizes range from 1.5-3 meters diameter, 3-5 trays, vertical stacking or
shelving.

Combination Advantage Limitation

With fan (forced
convection)

Faster drying, better airflow Requires solar panel or power access

Multi-layer trays Increases capacity Must rotate trays for even drying

Reinforced sheet Withstands strong winds Costlier material

Maintenance tips:

* Clean dome cover weekly to maximize sunlight.

* Inspect for tears or loose sheets, especially during monsoon.
* Rotate trays 1-2 times daily for uniform drying.

» Store under shade when not in use or during storms.

* Replace sheets every 2-3 years if discolored.
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DRYER DEEP DIVE: HEAT PUMP DRYER

Drying chamber
!
g

Description:

An electrically powered dryer that uses a closed-loop

Control

heat pump system to efficiently remove moisture panel I >
from crops. It recycles heat within the system, >
maintaining controlled temperature and humidity for g s

gentle drying, with minimal energy loss.
Compressor
and condenser

Usability: Air intake

* Use: Best for high-value crops like ginger, chili, leafy greens, citrus peels, banana slices, and
herbs. I[deal where aroma, color, or nutrient retention is critical.

* Energy source: Electricity (standard power connection; inverter/solar-compatible models
available).

* Operating: Fully automated with digital controls; low manual intervention.

* Building or buying: Commercially manufactured; cannot be built locally. Available in various
sizes.

Investment:

* Cost:32,00,000-%10,00,000+ depending on size and features; higher upfront cost.

» Lifespan: 8-12 years with regular servicing.

* ROl example: A 50 kg unit processing herbs or high-value produce daily can recover cost
within 1.5-3 years through value-added sales (e.g., export-grade turmeric, ginger, or mint).

Efficiency:

* Drying speed: Moderate (not the fastest, but highly consistent).

* Drying time: 4-12 hours depending on crop, load, and slice thickness.

* Internal temperature: Precisely controlled between 30-70°C.

* Moisture reduction: Reduces moisture to 5-10%, adjustable as per crop need.

Output quality:

* Excellent aroma, flavor, color, and nutrient preservation.
* Minimal shrinkage or discoloration.
* Uniform results even in variable ambient weather.

Technical information:

* Materials: Stainless steel inner chambers, polyurethane insulation, digital control panel.
* Dimensions: Varies — from 10-50 kg up to 500+ kg units; footprint depends on load.

Combination Advantage Limitation
Solar + Heat Pump Lower operating costs when solar .

. Complex setup and costlier upfront
(hybrid) energy used

Remote monitoring, fine-tuned

loT-controlled models
control

Needs connectivity and setup

Maintenance tips:

* Clean condenser coils and filters every 1-2 weeks.

* Regularly inspect seals and airflow vents.

* Calibrate sensors annually for temperature and humidity.

* Ensure stable power supply or inverter backup.

» Service compressor and refrigerant systems as per manufacturer guidelines.
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DRYER DEEP DIVE: TUNNEL DRYER

CLEAR PLASTIC SHEET

Description:

OUTLET AIR VENTS

Large-scale, horizontal drying system where trays
move through a long, insulated tunnel. Heated air is WoooeN vy e
forced through the tunnel, drying cropsina 00 e FwE |
controlled, continuous flow. Designed for high- T b s e
volume, commercial operations. ‘ "

—
BLACK METAL FLOOR
ON CONCRETE BASE

Usability:

* Use: Ideal for bulk drying of chili, turmeric, amla, mango slices, beetroot, and ginger; suitable
for sliced fruits and root crops.

* Energy source: Electricity or biomass-fueled hot air generator; some hybrid versions use solar

preheating.
* Operating: Requires trained operators; semi- or fully-automated versions exist.
* Building or buying: Prefabricated units available; may need local civil work for installation.

Investment:

* Cost:34,00,000-%12,00,000 depending on capacity and automation level

* Lifespan: 8-12 years with regular maintenance

* ROl example: A 250 kg/day tunnel dryer for mango or chili can generate ¥5,000-%15,000/day in
revenue depending on crop prices and processing contracts.

Efficiency:

* Drying speed: Fast and consistent (4-12 hours depending on crop and temperature)
* Drying time: Continuous flow or batch mode; adjustable airflow and temperature

* Internal temperature: 45-70°C (digitally or manually controlled)

* Moisture reduction: From ~75-85% to 5-10%

Output quality:

* Very high uniformity and drying control
* Excellent retention of aroma, color, and texture if airflow is optimized
* Suitable for export-grade or food processing supply chains

Technical information:

* Materials: Insulated metal tunnel, stainless steel or aluminum trays, blower and heater

assembly
* Dimensions: Common units range from 6-12 meters long and 1.5-2 meters wide

* Automation: Some models include automatic tray pushers or conveyor belts

Combination Advantage Limitation

Requires regular biomass feed and

With biomass heating Lower energy cost in rural areas .
monitoring

Higher installation cost, needs solar

Solar preheat + electric Energy savings, steady heat .
P 8y g y infrastructure

Multi-zone airflow Precise control for different crops More complex to manage and maintain

Maintenance tips:

* Clean trays and tunnel walls after each cycle to prevent residue buildup
* Regularly check blower and heating system

* Monitor insulation for damage to avoid heat loss

» Calibrate temperature sensors quarterly

* Ensure airflow ducts are clear and evenly distributed
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DRYER DEEP DIVE: ELECTRIC TRAY DRYER

Description:

Heating coil

Box-type dryer with multiple stacked trays and
electric heating elements. Hot air is circulated evenly
through internal fans, allowing uniform drying of rays
crops. Suitable for small to medium-scale processors

requiring quality control and consistency.

Control
panel

Usability:

» Use: Suitable for drying high-value or delicate products like citrus peels, mint, amla, and
pomegranate arils.

* Energy source: 100% electricity (for both heating and air circulation).

* Operating: Easy to use with temperature and timer settings; requires reliable electricity.

* Building or buying: Purchased as a plug-in unit or fabricated by local vendors.

Investment:

* Cost: 335,000-%1,50,000 depending on capacity (6-24 trays) and build quality
» Lifespan: 5-8 years with regular use and maintenance
* ROl example: A 12-tray unit drying ~30-40 kg of turmeric or mint per day can generate 3¥2,000-

%¥5,000/day depending on the season and crop value
Efficiency:
* Drying speed: Medium-fast (3—10 hours depending on crop type and slice thickness)
* Drying time: Configurable; consistent across trays due to uniform air circulation

* Internal temperature: Adjustable, typically 40-70°C
* Moisture reduction: From ~75-90% to ~5-10%

Output quality:

* Excellent retention of aroma, essential oils, and color
* Uniform drying due to enclosed chamber and controlled temperature
* Lower microbial contamination risk compared to open systems

Technical information:

* Materials: Mild steel or stainless steel body; aluminum or stainless trays
* Dimensions: Typically 0.8-1.2 meters wide, 1-1.5 meters tall; varies by tray count
* Controls: Manual or digital thermostat and timer; some models include humidity sensors

Combination Advantage Limitation

Better precision for sensitive

With digital controller Higher cost

crops
Stainless steel trays Food-grade, easy to clean More expensive than aluminum
Insulated casing Improved energy efficiency Heavier and bulkier

Maintenance tips:

* Wipe trays and inside chamber daily after use

* Check fan and heater function weekly

* Inspect power cable and connections regularly

* Avoid overloading trays to maintain airflow

* Descale heater coils if mineral buildup occurs in humid conditions

Prepared by Vigyan Ashram (2025) 26




DRYER DEEP DIVE: MICROWAVE DRYER

Description:

Exhaust

Microwave dryers use electromagnetic waves to excite

water molecules inside the crop, generating internal heat

and rapidly evaporating moisture. This method results in Feed
uniform drying and better preservation of color, flavor,

and nutrients, especially for high-value crops.

Control
panel

Discharge
chute
Conveyor

Usability: et

» Use: Best for herbs (mint, tulsi, moringa), spices (ginger, chili), and medicinal plants where
aroma, color, and nutrient retention are crucial.

* Energy source: Electricity only (continuous and stable power supply required).

* Operating: Fully automated with precise control over time, temperature, and moisture.

* Building or buying: Requires purchase from specialized manufacturers. Not locally made.

Investment:

* Cost:%3,00,000-%10,00,000+ depending on size and features (e.g., vacuum or combination
units).

* Lifespan: 7-10 years with good maintenance.

* ROl example: Small-scale unit (~1-2 kg per batch) used for premium tulsi or moringa can sell
at high margins in wellness or export markets.

Efficiency:

* Drying speed: Very fast (minutes to 1-2 hours, depending on crop and moisture content).
* Drying time: Typically 15 minutes to 2 hours.

* Internal temperature: Controlled precisely (30-80°C); avoids overheating.

* Moisture reduction: Reduces to <10% with minimal nutrient loss.

Output quality:

* Excellent aroma, oil, and pigment retention.
* No browning or discoloration when used correctly.
* Uniform moisture removal reduces microbial risks and extends shelf life.

Technical information:

* Materials: Stainless steel body, rotating trays or chambers, built-in sensors.

» Sizes: Varies from compact lab units (few kg capacity) to larger commercial units (up to 25-50
kg per day).

* Control system: Digital interface with timers, temperature, and humidity settings.

Combination Advantage Limitation

With vacuum chamber Enhances drying at lower temperature Expensive, complex system

Requires careful calibration to

With infrared heating  Faster and more even drying avoid burning

Larger footprint, higher power

With conveyor system Good for continuous processing .
requirement

Maintenance tips:

* Avoid metal contamination—use only microwave-safe trays.

» Clean moisture traps and filters regularly.

* Inspect seals and gaskets for airtight operation.

* Calibrate sensors every 6-12 months.

* Ensure uninterrupted power supply with stabilizer or backup source.
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DRYER DEEP DIVE: FLAT-BED DRYER

Description:

Compact, enclosed box dryer with transparent top
and drying trays inside. Captures sunlight through top
cover and traps heat inside the chamber to evaporate
moisture. Warm air rises naturally or is assisted by
fans, exiting through vents and removing moist air.

D
. .
22" °] Wire mesh
R <)
wooden trays

Side panel

Front panel

Holes for air

Usability:

» Use: Best for tomato slices, banana chips, amla, fish; Possible for chili (color loss), turmeric,
ginger; not ideal for mint, coriander, methi (aroma loss)

* Energy source: Passive solar (requires full sun; no electricity needed unless a fan is used)

* Operating: Very easy to operate (only 1-2 people required)

* Building or buying: Can be built with local materials; no electrical or mechanical parts

Investment:

* Cost: 35,000-%15,000 (DIY or local fabricator); Low operating cost as no electricity rerquired

* Lifespan: 3-5 years with basic maintenance

* ROl example: A 2-tray unit drying ~10 kg of leafy greens daily can save or generate I500-
%1,000/week depending on market prices

Efficiency:

* Drying speed: Fast drying speed (1.5-2x faster than open sun drying)

* Drying time: 2-5 days depending on crop and weather (6-16 hours of sunlight)
* Internal temperature: 40-60°C (varies by sun intensity)

* Moisture reduction: Reduces from ~70-80% to ~10-15%

Output quality:
* Moderate retention of color and taste

* Some loss of aroma and essential oils in sensitive crops
* More effective for firm fruits or sliced vegetables than for leafy greens

Technical information:

* Materials: Frame: Wood or metal; Trays: Wood + wire mesh; Cover: Transparent polycarbonate
or UV-grade plastic
* Dimensions: Often 2-4 trays, 1-2 meters wide

Combination Advantage Limitation

With solar fan (forced
convection)

Faster drying, better airflow Requires solar panel or power access

Polycarbonate cover Lightweight, cheaper Less durable, needs periodic replacement
Glass cover Long-lasting, better insulation Heavier, more expensive
Black absorber sheet  Improves heat capture Needs cleaning to stay effective

Maintenance tips:

* Clean transparent cover weekly to ensure sunlight entry
* Check and clear air vents regularly

* Rotate trays for even drying

* Inspect for rust, leaks, or warped wood

* Replace polycarbonate every 2-3 years if yellowed

» Store indoors during monsoon if not fixed permanently
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DRYER DEEP DIVE: SOLAR CONVECTION DRYER

Description:

A solar-powered dryer with enhanced natural
convection. Uses a solar collector to heat air, which
then flows through a drying chamber containing crop
trays. Works best in sunny climates with moderate
airflow.

Usability:

* Use: Suitable for low-moisture crops like lemon peels, chili, and some leafy greens (in thin
layers). Not ideal for crops needing strict temperature or aroma control like coriander or mint.

* Energy source: Passive solar energy with optional thermal collectors; no electricity required
unless a fan is added.

* Operating: Can operate without electricity; airflow driven by temperature difference.

* Building or buying: Can be locally built using simple materials (wood/metal frames,
polycarbonate, black absorbers).

Investment:

* Cost:X7,000-%20,000 (DIY models cheaper; larger versions costlier).

» Lifespan: 3-5 years with regular cleaning and maintenance.

* ROl example: A medium unit drying ~10-15 kg of sliced produce daily can earn ¥400-%1,000
per week depending on market prices.

Efficiency:

* Drying speed: Medium (faster than open sun but slower than fan-assisted systems).
* Drying time: 2-5 days (crop and sun intensity dependent).

* Internal temperature: ~40-65°C depending on collector design and sun.

* Moisture reduction: From ~70-80% to ~10-15%.

Output quality:

* Moderate retention of color and nutrients.
* May cause aroma loss in sensitive crops due to long exposure.
* Uneven drying risk if not monitored or if airflow is blocked.

Technical information:

* Materials: Frame: Wood/metal; Collector: Black sheet metal + transparent cover; Trays:
Wood/wire mesh.
* Dimensions: Typically 2-3 trays, 1-2 m long. Optional chimney/vent for airflow.

Combination Advantage Limitation
With thermal mass Extends drying into cloudy hours Slower heat-up time
With chimney vent Improves natural airflow Needs careful orientation and

maintenance

With dark absorber

sheet Boosts heating efficiency May overheat if not vented

Maintenance tips:

* Regularly clean collector surface and air vents.

* Rotate trays for even drying.

* Monitor sun path and angle seasonally.

* Repair any cracks in transparent cover or collector.
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DRYER DEEP DIVE: HYBRID-SOLAR BIOMASS

Description: ar Oue st
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Usability: inlet control gate with feeding

* Use: Versatile for many crops—suitable for turmeric, ginger, amla, leafy greens, and sliced
fruits. Helpful during monsoon or winter seasons when solar-only systems fail.

* Energy source: Combination of solar heat and biomass combustion (e.g., wood, briquettes,

crop waste).

* Operating: Medium complexity; biomass chamber must be manually fired and monitored.

* Building or buying: Can be constructed locally or purchased as a prefabricated unit with solar
collectors and biomass firebox.

Investment:

* Cost: 325,000-%60,000 (depending on capacity and design); higher than solar-only dryers.

* Lifespan: 5-7 years with good upkeep.

* ROl example: Useful for continuous operation across seasons, ensuring reliable income for
small processing businesses.

Efficiency:

* Drying speed: Faster and more consistent than solar-only dryers; uninterrupted drying even in

poor weather.
* Drying time: 1.5-2.5 days depending on crop and weather; biomass can reduce dependency

on clear skies.
* Internal temperature: 45-70°C (can be regulated with airflow and burner intensity).
* Moisture reduction: From ~70-80% to ~10-12%.

Output quality:

* Better consistency and color retention than open or solar-only systems.
* Requires attention to avoid smoke contamination.
* Suitable for export or high-quality products.

Technical information:

* Materials: Metal or brick chamber, solar collector (polycarbonate/glass), biomass firebox,

ducting, trays (wood/metal mesh).
* Dimensions: Typically 1-2 meter wide chamber with 3-6 trays; firebox at base or side.

Combination Advantage Limitation
Solar + biomass 24-hour drying capability Requires fuel storage and combustion
Forced convection Uniform airflow, faster drying Needs power (solar fan or grid)

Maintenance tips:

* Clean ash and soot from the burner regularly.

* Inspect for leaks or holes in combustion ducts.

* Check solar collector panels for cracks or discoloration.

* Ensure good ventilation to prevent smoke entering drying chamber.
* Use dry biomass fuel to avoid smoke.
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DRYER DEEP DIVE: ARTI DRYER

Description:

Locally innovated solar dryer. It combines solar heat
collection with a chimney-driven airflow system,
using simple materials to accelerate drying without

electricity.

Metal stand

Usability:

* Use: Best for small-scale drying of fruits, vegetables, and herbs. Often used for turmeric,
ginger, lemon peels, and leafy greens in home or micro-enterprise settings.

* Energy source: Passive solar (uses sunlight); no electricity needed.

* Operating: Easy to operate; 1 person can load, rotate trays, and maintain the unit.

* Building or buying: Can be fabricated using simple materials like plywood, black paint, mesh
trays, and transparent plastic or glass covers.

Investment:

* Cost: X3,000-%7,000 depending on materials and size. No electricity = very low operating cost.

» Lifespan: ~3 years with periodic maintenance (especially cover replacement).

* ROl example: Can dry 4-6 kg turmeric daily; adds value vs raw turmeric, especially in off-
season.

Efficiency:

* Drying speed: Slow to moderate (better than open sun, but slower than forced convection
systems).

* Drying time: 2-4 days depending on sunlight and crop moisture.

* Internal temperature: ~35-50°C depending on sun exposure and insulation.

* Moisture reduction: Reduces moisture from ~70-80% to ~10-15%.

Output quality:

* Decent aroma and color retention for most crops.
* Less uniform drying if not rotated regularly.
* Not suitable for large-scale or highly sensitive products.

Technical information:

* Materials: Plywood/wood frame; black absorber plate; mesh trays; transparent plastic sheet
or glass.
* Dimensions: Typically 2-3 trays stacked vertically, ~1.5-2 meters tall with chimney on top.

Combination Advantage Limitation
. - Needs careful placement for optimal
Inclined tray setup Maximizes sun exposure
angle
Chimney airflow Promotes hot air circulation Less effective in low sunlight
Black absorber sheet  Improves heat retention Needs cleaning for sustained efficiency

Maintenance tips:

* Clean plastic/glass cover weekly for best sunlight penetration.
» Keep chimney and vents unblocked.

* Replace transparent sheet if torn or yellowed.

* Rotate trays for even drying.

* Repairwood/ply if damaged due to humidity or rain exposure.
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RESOURCES & SUPPORT

Visit the following links for additional resources and support regarding agricultural
dryers. Contact Vigyan Ashram for any additional support.

Dryer Designs and Plans:

* Vigyan Ashram - Open-source dryer designs, training, and technical support
> https://vigyanashram.com
> vapabal@gmail.com

*  TNAU (Tamil Nadu Agricultural University) — Solar dryer manuals and
agricultural tech
> https://agritech.thau.ac.in

* |CAR-CIPHET - Post-harvest engineering solutions for grains, spices, and
horticulture
> https://ciphet.icar.gov.in

Training and Demonstration:

* Krishi Vigyan Kendras (KVKs) — Local agri-tech training, demos, and field trials
> Find your nearest KVK: https://kvk.icar.gov.in

*  Agri-Clinics & Agri-Business Centers (ACABC) - Entrepreneurship training for
farmers
> https://www.agriclinics.net

Subsidies and Financial Support:

*  NABARD - Subsidies and loans for post-harvest and value-added agri
infrastructure
> https://www.nabard.org

*  PMFME Scheme - Government support for food processing equipment
> https://mofpi.nic.in/pmfme

* MSME Schemes - Equipment loans and training support for small enterprises
> https://msme.gov.in

Suppliers and Fabricators:

* Localfabricators: Ask at KVKs or Fab Labs for known solar/bio dryer builders
* S4S Technologies - Commercial hybrid solar-biomass dryers
> https://www.s4stechnologies.com
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Vigyan Ashram

HEAD OFFICE

Vigyan Ashram

Pabal,

Dist. Pune - 412403
Maharashtra, India

Mr. Yogesh Kulkarni

+91 97300 05016

e-Mail : vapabal@gmail.com

For DBRT admissions For Technology project:

Mr. Vishal Jagatap + 91 9730005025 Mr. Ranajeet Shanbhag +91 9579734720
Mr. Prasad Patil +91 89751 28483

For School Program

Mr. Syuog Warghade +91 9527393684 For any other query or support:

Mr. Sharad Jhadav +91 9730090933 Director : + 91-973-000-5016
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