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Abstract 

This paper outlines the comprehensive building services designed for a G+8 residential structure to enhance occupant 

comfort, safety, and sustainability. Integrated systems are essential for modern urban living, encompassing energy, 

water, security, and emergency responses. The project details the implementation and feasibility of Heating, Ventilation, 

and Air Conditioning (HVAC), Rainwater Harvesting (RWH), vertical transportation (lifts), fire safety, solar power, 

mechanical parking, Reverse Osmosis (RO) water purification, and Closed-Circuit Television (CCTV) surveillance. By 

integrating these services, the design 

achieves a safe, resource-efficient, and self-sustaining living environment. 

I. Introduction 

Building services transform a static structural shell into a functional, comfortable, and safe environment. They are 

categorized into Mechanical, Electrical, and Plumbing (MEP), Public Health C Safety, and Communication C 

Automation. The primary purposes of these 

systems include regulating environmental comfort, ensuring public health through sanitation, mitigating life-safety 

risks during emergencies, and maintaining operational connectivity. 

This refers to the essential systems installed in a building to make it functional, comfortable, safe, and efficient. While the 

architectural structure—the walls, floors, and roof—provides the static shell, building services function as the internal 

systems, often described as the nerves, arteries, and lungs that bring the space to life. Without systems 

such as lighting, heating, ventilation, plumbing, power supply, and security, a structure is reduced to a cold, dark, and 

uninhabitable shell. 

II. Literature Review 

The integration of building services in high-rise residential structures has evolved significantly over the last decade, 

moving from isolated mechanical systems to interconnected "Smart Building" ecosystems. 

 Evolution of MEP Systems: Early literature on Building Services (BMS) focused primarily on the 

structural integrity of residential units. However, current research emphasizes that the "livability" of a G+8 

structure is entirely 
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dependent on the efficiency of its Mechanical, Electrical, and Plumbing (MEP) systems. These services are now 

viewed as the "central nervous system" of the building, where the failure of one (e.g., power) directly impacts the 

functionality of all others (e.g., lifts and water pumping). 

 HVAC and Air Quality: Recent studies highlight that in multi-story buildings, the "Stack Effect" or 

"Chimney Effect" creates significant pressure differences that affect ventilation. Literature suggests that for a 

G+8 building, Heat Recovery Ventilators (HRV) are essential for maintaining indoor air quality while reducing 

energy consumption by up to 20% compared to traditional exhaust systems. 

 Water Sustainability: Research into Rainwater Harvesting (RWH) for urban 

Maharashtra indicates that traditional storage methods often fail to meet 100% of demand. Modern literature 

proposes a "Dual-Water System" where harvested rainwater is strictly used for flushing and landscaping, 

while RO-treated water is reserved for potable use. This project adopts this dual-strategy by calculating specific 

tank capacities for 128 residents based on 21-day dry spell cycles. 

 Renewable Energy Integration: The transition from On-Grid to Hybrid Solar systems is a major theme in 

recent civil engineering discourse. Literature supports the use of Monocrystalline and Bifacial panels for 

high-rise terraces due to their higher efficiency per square meter, which is critical when roof space is shared 

with HVAC units and RWH catchments. 

 

 

III. Core Building Services and Technical Sizing 

A. HVAC System 

For a nine-story structure, HVAC design requires dedicated service shafts for piping and condensate drainage to manage 

vertical pressure drops . 

 Design s Sizing: The system must account for roughly 5% to 8% of the floor area and 40% to 60% of the 

building's electrical load. For a centralized VRF/VRV system in a G+8 building (assuming 4 apartments per floor and 

3 tons or 4 HP per apartment), the total required capacity is approximately 144 HP. 

 Cost Estimation: VRF equipment costs ₹50,000 to ₹65,000 per HP, plus ₹15,000 to 

₹20,000 per HP for installation, totaling ₹95 Lakhs to ₹1.25 Crores for the entire building . Alternatively, using individual 1.5-

ton 5-Star inverter multi-split systems 

(assuming 72 units total for 36 apartments) costs ₹42,000 to ₹60,000 per unit, bringing the building total to ₹35 Lakhs to 

₹50 Lakhs . 

B. Rainwater Harvesting (RWH) 

RWH decentralizes water sources by capturing rooftop runoff, reducing municipal water reliance by up to 50%. 

 Harvesting Potential: Calculated as Roof Area × Annual Rainfall × Runoff 

Coefficient. For a 500 m2 roof with 800 mm rainfall and an RCC runoff coefficient of 0.8, the annual yield is 320,000 

Liters (500 × 0.8 × 0.8). 

 Demand-Based Sizing (21-Day Rule): A G+8 building with 32 apartments and 4 residents each totals 128 

people. At 30 Liters/person/day for flushing, the daily demand is 3,840 Liters. Multiplying by 21 dry days 

necessitates a storage tank of approximately 80,000 Liters. 

 Yield-Based Sizing (5% Rule): For immediate usage, a tank sized at 5% of the annual yield (320,000 × 0.05) 

requires a 16,000-Liter capacity. 
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C. Lifts (Vertical Transportation) 

Elevators are the vertical spine of high-rise urbanization. A Machine Room-Less (MRL) Electric Lift is preferred for a 

G+8 residential building due to space and energy efficiency. 

 Technical Specifications: The building has a 27 m total height serving 50 to 80 people. The recommended lift 

capacity is 8 to 10 passengers (630 to 800 kg) operating at speeds of 1 to 1.6 m/s. 

 Dimensions s Power: The shaft must measure 2.1 m × 1.8 m, with a 1.2 m pit depth and 4 m overhead clearance. The 

system consumes 4 to 7 kW per lift. 

 Cost Estimation: The total cost per lift ranges from ₹18 to ₹27 lakh, encompassing the lift unit (₹12-18 lakh), 

installation/shaft prep (₹4-6 lakh), electrical controls (₹1-2 lakh), and safety miscellaneous (₹1 lakh). 

 

D. Fire Safety 

Fire safety integrates detection, suppression, and structural compartmentalization to protect human life and property . 

 Active Systems: The building utilizes smoke and heat detectors, alarms, fire hydrants, and localized 

extinguishers (Water, Foam, Dry Powder, CO2) . 

 Operation: Extinguisher usage follows the PASS method: Pull the pin, Aim low, Squeeze the handle, and 

Sweep from side to side . 

E. Solar Power System 

Solar systems convert sunlight into usable alternating current (AC) to achieve energy independence. 

 System Types s Efficiencies: Systems include Monocrystalline panels (20-25% efficiency) and Bifacial 

panels (22-25% efficiency). 

 Capacity and Cost Estimations: * On-Grid Systems: 1 kW (₹45k–₹70k), 3 kW (₹1.5–₹2.2 lakh), 5 kW 

(₹2.5–₹3.5 lakh). A 3 kW system generates 360–450 units/month, reducing bills by ₹2,500–₹5,000. 

o Off-Grid Systems (with battery): 1 kW (₹80k–₹1.2 lakh), 3 kW (₹2.5–₹4.5 lakh), 5 kW (₹4–₹7 lakh). 
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F. Mechanical Parking 

Automated Parking Systems (APS) stack vehicles vertically and horizontally to maximize limited urban land space. 

 Types s Costs: * Basic 2-Level Stacker: Best for private garages, costing ₹1.3 Lakh to ₹1.8 Lakh per car space. 

o Puzzle Parking: Semi-automated for apartments, costing ₹2.1 Lakh to ₹4 Lakh per car space. 

 

G. RO Water Purifier Plant 

A centralized RO plant utilizes semi-permeable membranes to remove dissolved solids and bacteria, providing potable 

water. 

 Demand Calculations: The G+7 floors total 32 units and 128 occupants. Standard consumption is 135 LPCD, 

totaling 17,280 L/day for the building. Drinking and 

cooking require 10 L/person/day, equating to 1,280 L/day. Adding a 20% buffer brings the design capacity to 1,500 

L/day (1.5 KLD). 

 Plant Sizing: Operating for 8 hours daily, the required flow rate is 187.5 LPH (1,500 / 8); thus, a standard 200 LPH RO 

plant is selected. 

 Recovery Rates: Assuming a 65% recovery rate, the system requires 2,307 L/day of raw water and generates 807 

L/day of reject water. 

 Cost Estimation: The total setup requires 100-150 sq. ft. of space, 1-2 kW of power, and a 1,500-2,000 L storage tank. 
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The total estimated capital cost ranges from ₹1.2 Lakh to ₹2.5 Lakhs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

H. CCTV Security Surveillance 

A network of high-definition cameras ensures property monitoring, deterrence, and evidence collection. 

 Design s Storage: A G+8 layout requires approximately 25 to 30 cameras, utilizing 4MP ANPR for entries, Wide-

Angle Domes for lobbies, Bullets for perimeters, and PTZ for terraces . The system uses an 8-12 TB NVR to maintain 

30 days of footage, utilizing H.265+ compression to save 40% on hard drive space. 

 Maintenance Costs: Annual Maintenance Contracts (AMC) cost 8% to 15% of the total installation. 

Professional remote monitoring services are estimated at ₹5,000 to ₹10,000 per month. 

 

IV. Case Study: G+8 Residential Building Analysis 

This section analyzes the implementation of these services within the specific context of a Ground plus 8-story 

(G+8) residential model, focusing on the practical application of the calculations derived in Chapter II. 

A. Site and Population Parameters 

The study assumes a standard urban residential plot with a building height of 27 meters. 

 Resident Profile: 32 units housing approximately 128 people. 
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 Daily Resource Consumption: 17,280 Liters of total water and approximately 1,280 Liters of drinking 

water. 

B. Implementation of Integrated Services 

1. Water Management: The case study confirms that an 80,000-liter RWH tank is sufficient to offset the 

flushing requirements of the residents for a 3-week period without municipal aid. The installation of a 200 

LPH RO plant ensures that 1.5 KLD of potable water is consistently available, with a calculated reject water 

rate of 807 L/day which can be repurposed for floor cleaning. 

2. Vertical Mobility: The study justifies the selection of a Machine Room-Less 

(MRL) lift. In a G+8 scenario, traditional traction lifts require a rooftop machine room which increases 

structural load and construction costs. The MRL system used in this case study saves approximately 15% in 

total electrical 

consumption. 

3. Solar and Energy ROI: By installing a 5 kW On-Grid solar system (as calculated), the building can generate 

approximately 600-750 units per month. In the context of common area lighting and lift operations, this results in a 

"Break-Even" point (ROI) within 4 to 5 years, after which the electricity for building services becomes virtually 

free. 

4. Security and Safety: The surveillance layout utilizes a "Zone Defense" strategy. 25 cameras are distributed to 

ensure zero "blind spots" in the lobby and parking areas. The fire safety protocol implemented in the case study 

prioritizes the PASS method for manual suppression, supported by a localized hydrant system capable of 

reaching the 8th floor at a minimum pressure of 3.5 bar. 

C. Case Study Findings 

The integration of these services for a G+8 building results in: 

 35% Reduction in annual municipal water costs via RWH. 

 50% Reduction in common area electricity bills via Solar integration. 

 Enhanced Occupant Safety through AI-linked CCTV and standardized fire response protocols. 

 Optimized Land Use by utilizing mechanical parking stackers, saving 60% more space than traditional 

parking layouts. 

V. Conclusion 

The comprehensive design and implementation of essential services—ranging from calculated HVAC loads 

and RWH capacities to customized RO plants and MRL lift metrics—have been successfully detailed for 

a G+8 residential building. These systems collectively deliver a secure, environmentally responsible, and 

well-equipped living environment for all occupants. 
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