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HV-7005: HVAC HACKS – MODULE 11:
HEATING SYSTEM DESIGN – ESSENTIAL TIPS

& RULES OF THUMB
A. Bhatia, Mechanical Engineer

Struggling with the cold and rising heating costs? Transform chilly spaces into cozy, energy-efficient

havens. From fundamental principles to advanced design strategies, this course will equip you with the

knowledge to design and size energy-efficient heating solutions for any climate.

This 8-hour course gives you a clear, step-by-step overview of the heating design process and is organized

into six focused chapters:

 Chapter 1: Introduction to space heating systems and their role in buildings.

 Chapter 2: Fundamentals of heat loss—key to understanding heating loads.

 Chapter 3: Practical methods for calculating heating loads based on real conditions.

 Chapter 4: Using Heating Degree Days (HDD) for energy analysis and system sizing.

 Chapter 5: Impact of construction materials and insulation on heat loss and efficiency.

 Chapter 6: Passive design strategies to reduce reliance on mechanical heating.

Ideal for professionals involved in design, installation, or commissioning, this course is especially useful

for architects and engineers looking to broaden their expertise in HVAC. It also serves as a valuable

resource for client discussions and decision-making support.

You can find the Key Rules of Thumb in Annexure - 1 for quick and easy reference. These guidelines,

metrics, and thumb rules are based on sound engineering practices and the author's experience, but they

may vary depending on operating conditions and other factors. This document is a live resource that will

be updated regularly as new information becomes available.

Start heating smarter with proven tools every HVAC designer should know. Let’s get started!
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1 CHAPTER -1: OVERVIEW OF SPACE HEATING SYSTEMS

Space heating refers to the process of raising and maintaining the temperature of an indoor space for

comfort, process needs, or protection. It delivers thermal energy to air or surfaces using equipment such

as:

 Furnaces

 Boilers

 Electric heaters

 Heat pumps

Key Objectives:

a. Thermal Comfort – Maintains comfortable indoor conditions to support health, productivity, and

well-being.

b. Process Heating – Supports industrial processes requiring controlled temperatures (e.g., drying,

curing, or manufacturing).

c. Material Preservation: Preserves critical items such as artwork, electronics, and pharmaceuticals.

d. Freeze Protection: Protects pipe from freezing and structural damage in cold climates.

1.1 Heating Capacity

Heating capacity is the amount of thermal energy a system delivers to offset heat losses and maintain

indoor comfort, typically within the 68–75°F range, while minimizing energy waste. It is measured in:

 Btu/h (British Thermal Units per Hour): Heat needed to raise 1 lb. of water by 1°F in one hour.

 kW (Kilowatts): Rate of thermal energy output or use (distinct from electrical kilowatts).

 Conversion: 1 kW = 3,412 Btu/h.

Table 1. Typical Heating Capacity Ranges

Heating System Typical Capacity

Residential Gas Furnace

(Forced Air Heating)

40,000 – 120,000 Btu/h

Boiler (Hydronic Heating) 50,000 – 300,000 Btu/h

Electric Resistance Heater

(Baseboard Heater)

250 – 2,500 Watts
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Heating System Typical Capacity

Heat Pump (Air Source) 12,000 – 60,000 Btu/h (3.5 – 17.5 kW)

1.1.1 Factors Influencing Heating Capacity

Heating capacity depends on several factors that influence heat loss and gain in a building. Accurate

assessment of these factors ensures proper system sizing, comfort, and energy efficiency. Key influencing

factors include:

a. Insulation and Building Envelope: Quality of insulation, window types, and door seals.

b. Climate Conditions: Outdoor temperature, humidity, wind, and solar exposure.

c. Building Size and Layout: Total area, volume, and design complexity.

d. Occupancy and Activity: Number of people, activity levels, and internal heat from equipment.

e. Indoor Temperature Setting: Desired temperature and acceptable variation range.

f. Air Infiltration: Uncontrolled air leakage through walls, windows, or doors.

g. Internal Heat Gains: Heat from lighting, appliances, and other sources.

h. System Efficiency: Performance of the heating unit, ductwork, and distribution system.

Table 2. Key Factors Influencing Heating Capacity

Factor Rule of Thumb / Guidance Reference / Standard

Outdoor Climate Colder climates demand higher heating

capacities. Refer to local climate data

or heating degree days (HDD) for site-

specific information.

ASHRAE Fundamentals

Handbook

Indoor Temperature Typical comfort range: 68–72°F; adjust

±2–5°F based on activity or climate.

Higher setpoints (e.g., 75°F) increase

heating demand.

ASHRAE 55 – Thermal

Environmental

Conditions for Human

Occupancy

Building Size and

Layout

Larger floor area and volume increase

demand; open layouts distribute heat

more efficiently.

ASHRAE HVAC

Applications

Building Materials High thermal mass (e.g., concrete,

brick) moderates heating loads by

storing/releasing heat slowly.

ASHRAE Fundamentals

Handbook

Insulation Levels Better-insulated buildings require less

heating. R-values for walls, roofs, and

floors guide sizing.

ASHRAE 90.1 – Energy

Standard for Buildings
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Factor Rule of Thumb / Guidance Reference / Standard

Air Infiltration &

Ventilation

Higher air leakage or ventilation rates

increase heating needs. Use ACH (air

changes per hour) to estimate losses.

ASHRAE 62.1 –

Ventilation for

Acceptable IAQ

Windows and Glazing Single-pane = high losses; low-E

double/triple-pane = lower losses.

Window U-values influence load.

NFRC Ratings, ASHRAE

90.1

Occupancy & Internal

Gains

Each person adds ~250 Btu/h;

equipment and lighting also contribute

to internal heat, reducing required

capacity. These factors are typically

ignored in heat loss calculations.

ASHRAE Load Calculation

Procedures

Thermal Zoning Zoning by occupancy/use increases

efficiency by avoiding overheating

unoccupied areas.

ASHRAE HVAC Design

Guide

Heating System

Efficiency

High-efficiency systems (AFUE >90% or

COP >3) reduce heating capacity needs

by 10–30%.

DOE Standards, AHRI

Ratings

Ductwork &

Distribution

Poorly sealed/insulated ducts can lose

20–30% of heat; compensate in

capacity or improve duct design.

ASHRAE Design Guide,

ACCA Manual D

踰踱踲踳 Correctly sized heating equipment ensures energy efficiency, occupant comfort, and compliance with

relevant codes and standards, such as ASHRAE 90.1 and NFPA 54.

1.2 Heating Technologies

The evolution of space heating shows how technology has steadily improved energy use, comfort, and

safety. Knowing this progression helps us plan upgrades, improve efficiency, and meet today’s

sustainability goals and energy codes (e.g., NFPA 54).

a. Fireplaces and Chimneys – Early open-hearth systems provided warmth and basic ventilation but

carried risks of smoke exposure and fire hazards.

b. Cast-Iron Radiators –The introduction of central heating with boilers and Cast-Iron radiators

improved reliability and safety compared to open fires.

c. Forced-Air Systems – Furnaces with ducted air delivery enabled uniform heating across larger

spaces.

d. Electric Heating – Widespread electrification introduced compact, clean, and convenient

resistance heaters.
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e. Heat Pumps –Heat pumps introduced a highly efficient, dual-purpose solution using refrigeration

cycles for both heating and cooling.

f. Renewable Energy Systems – Modern solutions harness solar thermal, geothermal, and biomass

for sustainable, high-efficiency heating.

1.3 Essential Questions in Heating System Design

Today's heating system design emphasizes efficiency, optimal distribution, and precise control. When

choosing a heating system, consider these three key questions:

1.3.1 What is your heat source?

a. Fuels: Natural gas, liquid propane (LP), fuel oil, or electricity.

b. Equipment: Furnace, Boiler, Heat pump, Electrical heater.

1.3.2 How will the heat be distributed?

a. Medium for transferring heat: ducts (air) or pipes (water).

b. Source equipment: furnace (air) or boiler (water).

1.3.3 Where is the heat being controlled?

a. Centralized control: at the source equipment (furnace, boiler, or air handling units)

b. Zone-wise control: using thermostats, zone valves, etc. at the point of use equipment (radiators,

baseboard convectors, fan-coil units, etc.)

This approach ensures that each element—from fuel and equipment to distribution and control—is

chosen to maximize both efficiency and comfort.

1.4 Climate-Specific Building Design

Climate plays a key role in building design and HVAC requirements, influencing material choices, energy

strategies, and comfort solutions. Based on temperature, humidity, and solar exposure, climates can be

grouped into four main types, each requiring tailored design approaches:

1.4.1 Arid Climate

Hot, dry conditions with large day-night temperature swings. Design focuses on heat reduction and water

efficiency—using thick, high thermal mass walls, reflective roofs, and minimal window openings. HVAC

systems emphasize cooling through efficient air conditioners or evaporative coolers, supported by passive
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ventilation like courtyards or wind towers. Moisture-resistant materials are less critical due to the dry

conditions, but dust and sand protection is usually essential.

1.4.2 Tropical Climate

Hot and humid year-round with heavy rainfall. Buildings use elevated floors, wide overhangs, and open

layouts to enhance airflow and control moisture. Lightweight, breathable, and corrosion-resistant

materials are preferred. HVAC systems prioritize dehumidification and cooling, complemented by passive

strategies like shading and cross-ventilation.

1.4.3 Cold Climate

Long, freezing winters with snow and low daylight. Design emphasizes heat retention through super-

insulation, triple glazing, and compact layouts. Steep roofs shed snow, and dark surfaces absorb solar

heat. Heating systems (radiant floors, furnaces, or heat pumps) dominate, with tight air sealing and

controlled ventilation to manage moisture and air quality.

1.4.4 Mixed Cold/Hot Climate

Wide seasonal variation with both hot summers and cold winters. Design uses moderate insulation,

adaptable shading, and durable materials. HVAC systems combine heating and cooling (e.g., heat pumps),

with energy recovery ventilation to enhance efficiency across seasons. Flexibility is key to adapting to

changing weather.

Table 3. Climate Categories and Building Design

Climate Type Key Characteristics Design Guidelines HVAC Benchmarks

Arid Climate Hot & Dry, Low

humidity, large

day-night temp

swings.

 High thermal mass

(12–16" thick walls)

 Reflective roofs

(albedo > 0.6)

 Small, shaded

windows

 Maximize night

ventilation

 Cooling: 200 ft² per TR for

poor envelope/older

buildings. Adjust up 300–

500 ft²/TR for high-

performance new

buildings

 Use evaporative cooling

where feasible

 Heating may be needed

at night*


