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ABSTRAKT 

Tato diplomová práce obsahuje návrh řešení rodinného domu.  Budova se nachází v 

Indonésii, jihovýchodní asijské zemi. Hlavní cíl práce je navrhnout systém chlazení pomocí 

reverzibilního tepelného čerpadla uvnitř domu tak, aby bylo dosaženo podmínek pohody 

prostředí pro obyvatele domu. Chladicí systém je součást vzduchotechnického systému a 

bude navržen jako pasivní chlazení. Budova je navržena tak, aby splňovala podmínky 

standardů kladené na tzv. zelené budovy. Součástí řešení je i návrh elektroinstalace a 

osvětlovací soustavy. Součástí řešení je i návrh zabezpečovacího zařízení a systém řízení a 

monitorování tepelných stavů. Jako obnovitelný zdroj je navrženo využití fotovoltaiky 

s návazností na venkovní elektrické sítě. V projektu je pozornost věnována i ohřevu teplé 

vody pomocí solárních panelů as využitím odpadního tepla z tepelného čerpadla. Všechny 

systémy jsou začleněny do jednoho komunikačního distribuovaného  protokolu BACnet sítě 

formou SCADA pro účelné správy budovy. Diplomová práce je rozdělena na teoretickou 

část, ve které jsou uvedeny podklady nutné pro vypracování praktické části a praktickou část 

podle obsahu. 

 

Klíčová slova: automatizace budov systém, facility management, inteligentní domácnost, 

inteligentní budovy, zelená budova, informační modelování budov, tepelné čerpadlo, 

bezpečnostní systém, fotovoltaický panel 

 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 

This master thesis contains the solution design of single family house building located in 

Indonesia, South East Asian country. The mainly purpose of the thesis is to design cooling 

system using reversible heat pump inside the house to reach comfortable temperature for the 

occupants. Along with the cooling system include the ventilation design as the passive cool-

ing, also observation of the feasibility material building properties to support optimization 

of the house design approaching green building standard. Electrical installation such as light-

ing design combine with other electrical fixtures in security and communication systems by 

using the collaboration of utility grid and photovoltaic panel as the renewable power source. 

Plumbing system are include reviewed withal domestic hot water supply associated by 

means of heat waste from the heat pump and solar water heating system. All systems are 

obligatory to be integrated in one communication distributed control BACnet protocol net-

work platform by way of SCADA solution in order to manage the energy efficiency as well 

as its economic evaluation of the house. Thesis’ contents are divided into theoretical ground-

work and the practical part.       

 

Keywords: building automation system, facility management, smart home, intelligent 

building, green building, building information modelling, heat pump, security system, pho-

tovoltaic panel, HVAC, BACnet, SCADA 
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INTRODUCTION 

       The global issues around the world these days are mostly relate to energy and environ-

ment problems as well as the attempt to create better solution way which are already devel-

oped and being developed. Many things in variety of industrial and technology producers 

proclaim their new product as the energy savings, low energy, environmental friendly (eco-

friendly), smart and intelligence. It could be from small products such as smartphone, smart 

glasses, smart card, intelligent / smart key, until bigger products like smart car, smart gate, 

smart toll, intelligent transport system, smart home / intelligent building, even smart city.  

        All these labelling are actually try to attract the consumer to use their products or con-

cepts as the main purpose and then to sustain the earth environment comes next. Of course, 

in the industrial and technology business, profit must be gain to make the companies keep 

rolling in the business. Then come up the skeptical question in mind about the standard of 

all these proclaims, is the product really could make the world sustain or otherwise even 

make it worsen. As some products could be well-matched in some places, but not in other 

places, it depends on many factors.   

         Property business in all around the world always be the major player parallel with the 

economic growth of a country, human put house as primary needs to their life from genera-

tion to generation, even some people could be have more than one house for the investment 

reason because the price always increase from time to time. Consequently, it cannot be de-

nied that housing contributes large portion of either energy consumption or energy waste 

everywhere. In order to decrease this problem, many solutions have been developed years 

ago until now. 

         The term ‘intelligence’ and ‘smart’ put into the building, peculiarly residential building 

is to add the spirit into the building so it seems could managed itself to control and monitor 

what and when exactly it need to consume the energy and make the occupants inside feel 

comfortable. This spirit term called automation, and must be in the system form. In the end, 

building automation system in the residential house should make the members of the family 

safe, secure and convenience. 

        This thesis’ content try to simulate the useful guidelines by the author to fulfill the most 

probable requirements and expectations could come up nowadays and near future in local 

area in the manner of all aspects and real nature condition applied. Based on the observation 

and ASHRAE standards, prior to designing and managing the building automation system, 
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determine the building physics properties that suitable for approaching the best material in 

tropical location, treat what kind of technology would be appropriate for the user, ensure the 

durability in the future function as well as the economic point of view, compatibility of the 

appliances that will be used and also the accessibility of the system.   . 

        Methodology being used in the thesis for theoretical part primarily based on the various 

literature views. If any part of the literature has ambiguous, the gaps have been solved by 

taking comparison with the real time (currently) condition. For practical part is based on 

Building Information Modelling (BIM) software, in this case is Autodesk Revit MEP 2015. 

Almost all the calculated result also included from the software, meanwhile the input data 

that are needed for whole design systems come from the observation at the field, standard 

codes and literatures. Third party energy analysis web based software in beta version (Au-

todesk Green Building Studio) which affiliated with the Revit software also being used to 

simulate the energy of the house design. Other supported software being used is Microsoft 

Visio 2013 and Climate Consultant 6.0 beta version. 
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I.  THEORY 

 



TBU in Zlín, Faculty of Applied Informatics, 2015 13 

 

1 ENERGY EFFICIENT HOUSE 

       A house can be said being energy efficient while all the systems and sub systems work-

ing properly as needed according to the respectively function with lower operating cost than 

appropriate current standard conventional regulations. The systems could be structure, elec-

tricity, mechanical, plumbing, security and information. And the sub systems e.g. ventila-

tion, heating, cooling, sprinkles, communication, etc. 

       Now days, the trend to construct new building include house with highly energy effi-

ciency level become increase drastically. Most modern civilizations believe conserving the 

energy will reduce their spending on bills and also have a good long term investment to their 

property(ies).  

        Several factors affect the energy level of efficiency of the house building are the loca-

tion, surrounding climate conditions, government regulations, and also could be the socio-

culture (habits) in the area.  

 

1.1 Climate Conditions in Indonesia 

         There are several aspects to be considered for categorizing worldwide climatic condi-

tion. Temperature, humidity, precipitation, wind, and atmospheric pressure are the variables 

that affect the climate. These variables measured and observed in long term pattern condi-

tions. 

 

Figure 1  Topography of Indonesia 
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         Indonesia is the biggest archipelago nation in the world and tropical country, located 

between two continents Asia and Australia, also skirt the equator. This geographical location 

influence the seasonal pattern of rain and wind. In general, most of the regions are hot and 

humid (relative humidity between 80-90%). 

 

 

Figure 2  Relative Humidity Frequency Distribution in Indonesia 

 

 

 

Figure 3  Dew point1 Frequency Distribution in Indonesia 

                                                 

1 The temperature at which the air can no longer hold all of the water vapor which is mixed with it and always 

lower than (or equal to) the air temperature. 
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        Main factor for Indonesia’s climate is the precipitation, this is related to the monsoons. 

Monsoon is the phenomenon of the climate changes occur due to the changes in air pressure 

in the Indian Ocean and Indian subcontinent. It is generally blow in from east and south in 

the middle of June and September, from northwest in the middle of December and March. 

The annual average temperature is around 28 - 29 °C, it is relatively constant. Winds are 

fairly moderate (range around 1.3-6.3 m/s, according to National Institute of Aeronautics 

and Space). 

 

 

Figure 4  Annual Wind Speed Frequency Distribution in Indonesia 

 

 

Figure 5 Annual Wind Rose2 plot in Indonesia 

                                                 

2  A circular display of how wind speed and direction are distributed at a given location for a certain time period 



TBU in Zlín, Faculty of Applied Informatics, 2015 16 

 

 

Figure 6 Wind Rose plot (January – March) in Indonesia 

 

 

 

Figure 7 Wind Rose plot (July – September) in Indonesia 
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        There are two seasons in Indonesia, dry season (between June - September) caused by 

the Australian continental air masses, and rainy season (between December – March) af-

fected by air masses from Pacific Ocean and Asian continent. Average annual rainfall in 

Indonesia is about 2,702 mm. [1] 

        Air temperature changes only a little bit from every seasons, roughly temperature drop 

is 1°C per 90 meters in every escalation of the elevation from sea level. In some highland 

regions, the hoarfrost occur at the night. 

 

 
 

Figure 8  Dry Bulb Temperature Frequency Distribution in Indonesia 

 

 

Figure 9  Annual Average Temperature in Indonesia          
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1.2 Low Energy Residential Building Properties 

         The idea of low energy residential building is the concept of building could satisfy all 

the energy obsecration with low-cost, renewable sources, non-polluted, and locally availa-

ble.[2]  

         Based on the idea, the definition can be defined by several means, depends on the 

boundary. Presently the low energy house’s parameter is the less calculated heat loss of the 

building compare with the heat loss of the national building regulation. In other word, the 

building should be very efficient since it established. Certainly, the starting point to consider 

for establishing a building are design and material.          

 

1.2.1 Building Envelope 

         Study about the building envelope is discuss about the physical and structural material 

of the building. It is very important to choose the right choice material to build a structure. 

There are many kinds of materials available on the market with various specification and 

price. Beside the quality, endurance and the aesthetics, the engineer or the designer must 

take attention to the level of thermal conductivity3 (k), thermal resistance4 (R), overall coef-

ficient of heat flow5 (U-factor) and conductance6 (C).  These thermal properties influence 

how a house physically consume the energy.   

The U-value or U-factor plays important role in heat transfer process between interior 

and exterior of the building. It is the total coefficient of the heat transfer of all material which 

are assembled for making a building. It formulated as the reverse of total resistance; 

                               U = 
1

∑𝑅
                                                      (1) 

                                      ∑𝑅 =   
1

ℎ𝑖
+

1

ℎ𝑒
+  

𝑥

𝑘
                                         (2) 

                                                 

3 The rate of heat flow through a unit thickness of a homogeneous material(W/m °C)  

4 A measure of resistance to heat flow (𝑚2 °C/W) 

5 The rate of heat flow through an assembly bounded by air on both sides (W/𝑚2 °C) 

6 Rate of heat flow through a specific nonhomogeneous object (W/𝑚2 °C) 
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where; 

ℎ𝑖 = inner side convection heat transfer coefficient, W/𝑚2 K 

ℎ𝑒 = outer side convection heat transfer coefficient, W/𝑚2 K 

k = thermal conductivity of material, W/m K 

x = wall thickness, m 

 

 

 

Figure 10  Thermal Gradient by Wall Assembly [3] 

 

         Likewise the structure foundation depth must be precise measured to avoid the building 

collapse, especially in some regions in the world that frequently tend to get earthquakes. 

Indonesia is one of the countries that most often get earthquakes. Normally the foundation 

depth for single family house buildings in Indonesia between 1 - 3 m under the ground and 

the pile thickness 0.7 m.  

         According to ASHRAE Standard 90.1-2007 (SI Edition), building envelope require-

ments are categorized based on climate zone. There are 8 (eight) climate zones in the world 

to distinguish the specifications range of the building assemblies due to the building energy 

conservation. Indonesia belonging into climate zone 1 (one) upon the standard as seen on 

Table 1. 
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Table 1  Indonesia climate zone [4] 
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Figure 11  Weather Station with Climate Zone 1A in Medan, Indonesia 

 

       The standard elements of single family residential buildings consists of roofs, walls, 

basement walls (if any), floors, slab floors, doors and windows (fenestrations). Insulation 

will much help to reduce the heat flow among the elements, the higher R-value the better the 

thermal insulation. For the glass windows, the parameter value being used is solar heat gain 

coefficient (SHGC) which is the ratio of the solar gain entering the space through the window 

to the incident solar radiation, it is dimensionless and the value for the real products in the 

market is between 0.2 until 0.9.  Lower SHGC means has good thermal resistance and vice 

versa. 

        Slabs floor using different value factor with floors, if floors using U-value, slab floors 

measured with F-factor which expressed per linear meter of building perimeter. This factor 

is prepared for unheated and heated slab floors. 

       In table 2 can be view the range value of thermal properties for building physics standard 

in order to help conserve the energy. NR means no insulation requirement.   
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Table 2  Building Envelope Requirements for Climate Zone 1 [4]  
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1.2.2 Building Regulations 

         In each country, there is national regulations regard to building standard policy. Even 

though it is common found inside a nation has different regulations between the municipal-

ities. For international scope, there are several trusted standard codes which could be taken 

as references to be adopted in both national and municipality rules. Some familiar standard 

codes name are ASHRAE, ANSI, CEN, and APEC building codes. 

          Indonesia has three basic national building legislations, these are (1) building permit 

IMB (Izin Mendirikan Bangunan), (2) location permit (Izin lokasi), (3) advice planning 

permit IPPT (Izin Perubahan Penggunaan Tanah). This permit must be owned before 

someone starting to construct any permanent building.  The material products standard 

been regulated with SNI (Standar Nasional Indonesia)7, however the district or regency 

governments have optional authority to refuse or implemented if any point in codes and 

regulations are suitable or not suitable in the local region. In 2011, about 70 percent of dis-

trict and regency governments had developed their own codes but still in the corridor of 

national law. The official national government develop the entire regulations and standards 

assisted by some parties such as academicians and private sector. 

         The other mandatory regulations to consider prior to either build or renovate any fa-

cilities are (1) industry permits, (2) environmental reviews AMDAL (Analisis Dampak 

Lingkungan), (3) nuisance permits HO (Hinder Ordonnantie). The Indonesian Building 

Code was legislated in order to socialize compulsory standards in building and construc-

tion industry these are IMB National Regulation Law 28 of 2002 and Regulation 36 of 

2005. Law 28 disposes building functions, building requirements, building processes, the 

role of the community, the role of government, and sanctions for noncompliance. Regula-

tion 36 of 2005 is about implementing regulations of Law 28 of 2002. 

 

 

 

 

                                                 

7 Indonesian National Standard agency owned by central government 
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Table 3 Indonesia Status of Compulsory Building Codes among APEC members [5]    
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1.2.3 Regulations Enforcement  

            As the member of APEC economic community, Indonesia follows the APEC 

Building Codes, Regulations, and Standards. Still, among the members do not have the 

same standards each other. Based on executive summary reports issued in 2013 by APEC 

publications SCSC8, Indonesia does not have green building home standard nor green 

home features in the national building regulations. Currently, the rating system (named 

GREENSHIP) is made voluntarily by one private and nonprofit organization GBCI9. The 

credit points consists of energy efficiency, environmental management, site development, 

material resources and cycle, indoor air quality, and water conservation. This assessment 

made for the purpose to educate Indonesian people especially architects, developers, con-

tractors, mass media, building materials industries and government.  

 

Table 4 Parameters of GREENSHIP Homes [6] 

Category Number of Criteria Scores 

Prerequisite Credits Bonus Credits Bonus 

Site development 2 6 - 13 - 

Energy efficiency 2 5 1 15 2 

Water conservation - 5 - 13 - 

Material resources 1 8 - 11 - 

Indoor air quality 1 6 - 13 - 

Environmental management 1 7 1 11 2 

Total benchmarks 7 38 2 77 4 

 

                                                 

8 Subcommittee on Standards and Conformance, an APEC publications committee  

9 Green Building Council of Indonesia, http://www.gbcindonesia.org/ 
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Site development parameter has several sub appropriate prerequisites to fulfill in 

order to get points in GREENSHIP standard, they are: site management policy, motor ve-

hicle reduction policy, access to community, site landscaping, bicycle, heat island effect, 

water management, site management, and building neighborhood. Detail points of site de-

velopment section shown in table 5.      

 

Table 5  Prerequisites of Site Development Section [6] 
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Energy efficiency criteria contains nine conditions to concern about, they are: (1) 

policy and energy management plan, (2) minimum building energy performance, (3) opti-

mized efficiency building energy performance, (4) testing, recommissioning or retro-com-

missioning, (5) system energy performance, (6) energy & monitoring control, (7) operation 
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& maintenance, (8) on site renewable energy, and (9) less energy emission. The compre-

hensive description of these criteria explained in table 6. 

 

Table 6  Criteria of Energy and Conservation Section [6] 
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Table 6  (continued) 
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In water conservation part has also nine preconditons to take attention, they are: (1) 

water management policy, (2) water sub-metering, (3) water monitoring control, (4) fresh 

water efficiency, (5) water quality, (6) recycled water, (7) potable water, (8) deep well 
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reduction, and (9) water tap efficiency. In table 7 displayed some descriptions of these 

items. 

Table 7  Criteria of Water Conservation Section [6] 
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Table 7  (Continued) 

 

 

For material resources, it has eight aspects to consider getting the points such as: 

(1) fundamental refrigerant, (2) material purchasing policy, (3) waste management policy, 

(4) non ODS usage, (5) material purchasing practice, (6) waste management practice, (7) 

hazardous waste management, and (8) management of used good. In table 8 described each 

item of prerequisite.    
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Table 8  Criteria of Material Resources Section [6] 
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Table 8 (continued) 

 

 

The indoor air quality (health and comfort) section consists of nine things to evalu-

ate, they are: (1) no smoking campaign, (2), outdoor air introduction, (3) environmental to-

bacco smoke control, (4) CO2 & CO monitoring, (5) physical and chemical pollutants, (6) 
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biological pollutant, (7) visual comfort, (8) acoustic level, and (9) building user survey. In 

table 9 shows the detail description of each item.    

 

  Table 9  Criteria of Indoor Air Quality Section [6] 
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Table 9  (continued) 
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Table 9  (continued) 

 

 

Building environment management for GREENSHIP rating has six issues to take 

note, i.e. (1) operation and maintenance policy, (2) innovations, (3) design intent and 

owner’s project requirement, (4) green operational and maintenance team, (5) green lease, 

and (6) operation and maintenance training. Table 10 shown the description of every issue. 
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Table 10  Criteria of Building Environment Management Section [6] 
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            Regardless APEC has committed to support the green building program, Indonesia 

is still far from the expectation in practical way. Many local regulations still use old stand-

ard or even with no standards.  

 

Table 11 Indonesia Status of Green Building Codes among APEC Members [5]    

 

 

1.3 Passive House 

   Interpretation of the passive house building concept is a guideline of building perfor-

mance with tight level of energy efficiency in a high level comfortable but still economically 

affordable. It does not have to be a house, it could be any type of building. 

Technically, the essences of passive building are solely achieve the high quality indoor 

air quality naturally, empower the solar energy for heating goal or minimize for cooling 

purpose, have continuous insulation without thermal bridging, significantly reduce infiltra-

tion of outside air and losing conditioned air. 
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At the time being, the standard of total energy source for Passive House per year could 

not more than 120 kWh/𝑚2 annually. And for either cooling or heating energy consumed is 

not exceed 15 kWh/𝑚2 per year each. [3]  

 

1.4 Net Zero Energy Building 

According to NREL10, a net zero energy building is building that consume from re-

newable energy resources and reproduce at the same amount. The concept is to achieve the 

top level of energy efficiency aggressively. The energy being used as minimum as possible 

supplied from fossil (nonrenewable) energy resources or at least 50% of the energy con-

sumed yearly must be renewable. These typical building targeted 5 kWh/𝑚2/annum in cool-

ing or heating aim.   

The vision of net zero energy building in the near future has targeted in year 2030 

based on Home Energy Rating System [7] conciliation to International Energy Conservation 

Code. In figure 12 is the scale for residential energy performance, the lower value, the better 

energy efficient. The rating is relative to the type, size and configuration of the house. 

 

 

 

                                                 

10  The laboratory for renewable energy and energy efficiency research and development owned by US gov-

ernment 

https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Efficient_energy_use
https://en.wikipedia.org/wiki/Research_and_development
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Figure 12 Home Energy Rating System Index (kWh/𝑚2per year) [3] 
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1.5 Energy Efficiency Strategies 

Plain description of energy efficiency is maximize the output from any given input. 

This term is used in building to describe how the circulation process effort could be con-

served and sustain.   

Today, in developing countries like Indonesia, the important of energy efficiency still 

in low level. By jurisdictions, there is no systematic sanctions regulate to anyone who does 

not apply saving energy program, yet the awareness of citizens are highly expected to reach 

the efficiency goal.  

The energy efficiency requisites for family house buildings inclined to concern over 

minimal physical envelopes such as door, roof, ceiling, floor, natural ventilation, windows 

and wall, the other is mechanical fixtures e.g. domestic hot water, cooling and heating. These 

physical and mechanical shaping two of characteristics systems; active and passive.  

 

Table 12  The Characteristics of Active and Passive Systems [3] 

Characteristic Active System Passive System 

Elements Single function, e.g. oil furnace Multiple functions. e.g. ceiling 

Integration Not well integrated with building, 

e.g. heater unit 

Well integrated, e.g. natural vent 

(windows) 

Resource Paid, e.g. utility grid Free, e.g. sun  

 

For house energy efficiency requisitions are listed in some international standards and 

codes for example: ASHRAE Standard 90.2, International Green Construction Code and 

International Energy Conservation Code. To accelerate energy efficiency achievement, these 

standards must be adopted into the national rules as well as the consequent to the user if 

disobeyed.    

In hot countries or in summer season, there are some energy efficiency methods could 

be done to cool the temperature and decrease the heat from some commons electric appliance 

inside building. 
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Table 13  Cooling Methods for Energy Efficiencies  

Conditions Methods 

Hot & humid Precisely placed and measured the roof vents and louvers to reduce 

heat in the attic and open the ventilation while the humidity is not too 

high Hot daytime & 

cool night 

Make sure the building well insulated by only gain 0.6 °C/ hr, when 

the inside temperature increase, exterior air can be allow to enter the 

building. At night. Let the outside air cool the interior 

Day breeze From the breeze coming direction and its opposite, let the windows 

open to support other building vent 

 

 

Table 14  Decreased Methods Heat for Energy Efficiencies  

Appliances Methods 

Lighting Use sunlight to brighten interior in daylight, for night consider to use fluo-

rescent or LED lamps which has around 90% radiate less heat incandescent 

lamps  Laundry Use only the latest less energy consumption machines that emit less heat by 

taking attention to the specification product label 

Kitchen Avoid to use an electric or gas stove as possible, prefer to use  microwave 

oven or consider cooking outside grill  

 

 

1.6 Indoor Climate Quality in Building 

In 1973, the global consciousness increased about the limitation of energy resources 

because of the oil embargo. Since then, many structural engineers and building designers 

make boundaries to the required outdoor air for heating and cooling. The side effect of this 
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trend arouse sick building syndrome11 to the occupants. This syndrome is related to the air 

quality inside the building. 

In order to obtain high level air quality or at least good quality indoor climate with 

low and optimum energy supply inside building, the designer must predict accurately in 

planning stage. This is not an easy task to be done, because many factors should be elabo-

rated as input data information and estimation of the future consumption and the occupants 

of the building.     

 

1.6.1 Psychrometrics Properties 

The psychrometry is the study of interactions collaborate between dry air12, heat, 

moisture13 with all the effects. All of these components have the impact to the climate inside 

the building as well as the performance of the structures. The interactions indicator can be 

put in one chart called psychrometric chart as displayed on Figure 13.  

Interaction between the mass of water vapor and the mass of dry air create the ratio 

called humidity ratio, can be expressed as; 

                                  W =
𝑀𝑤

𝑀𝑑𝑎 
                                                            (3)    

 

Meanwhile, ratio of the mass of water vapor to the sum of mass of dry air and water 

vapor named specific humidity, which formulated as; 

                                          ᵧ =
𝑀𝑤

𝑀𝑑𝑎 + 𝑀𝑤 
                                                        (4)     

 

Ratio of the mass of water vapor and the total sample volume is the absolute humid-

ity, and has mathematical equation; 

                                                 

11 The occupants of a building experience acute health- or comfort-related effects that seem to be linked directly 

to the time spent in the building 

12 The atmospheric air without water vapor 

13 The mixture of dry air and water vapor 
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                                                𝑑𝑣 =
𝑀𝑤

𝑉 
                                                   (5) 

 

The ratio of total mass and total volume is the density of moist air mixture, with the 

empiric equation; 

                                               ρ = 
𝑀𝑑𝑎 + 𝑀𝑤

𝑉 
                                             (6)        

 

  The ratio of the mole fraction of water vapor in the moist air sample and mole 

fraction in an air sample saturated at the same pressure and temperature called relative hu-

midity, expresses as; 

                                            𝜙 =
𝑋𝑤

𝑋𝑤𝑠
                                               (7) 

 

 

The chart is very helpful to set the heating or cooling devices in order to make indoor 

climate in the building feel comfort. Naturally, while air temperature decreases, the capabil-

ity to hold the moisture are decreases as well, but the density of warmer air increases and 

vice versa. This condition possible to reach humidity level lower until below 30% or con-

versely above 70% which is will slowly damage occupants’ health and building structure. 

By using the chart, it can be calculated to determine the values of those various components 

to achieve normal margin of humidity as well as temperature and so forth. 
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Figure 13 Psychrometry Chart [8] 
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The process variation methods that can be done from given conditions to reach inte-

rior climate comfort zone for human based on psychrometric chart shown in figure 15.   

 

 

Figure 14 Various Interior Conditioning Processes [9]   

In tropical hot-humid countries like Indonesia, the recommended ranges of ambient 

exterior air temperature and humidity inside building supported from natural vent hole, as 

seen on chart in figure 13. 

 

 

Figure 15 Recommended Comfort Zones in Hot Countries [9]   
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1.6.2  Air Quality Standard  

The definition from ASHRAE Standard 62.1, 2013 stated “indoor air quality is air in 

which there are no known contaminants at harmful concentration as determined by cogni-

zant authorities and with which a substantial majority (80% or more) of the people exposed 

do not express dissatisfaction.”[10] 

Air quality surround the building effect to the quality of interior climate. As the open 

air contains many elements, some of the elements could degrade the air quality inside build-

ing. Two parameters, the health criterion and comfort satisfaction come up the variables to 

attain admissible IAQ, they are; 

1. Anticipate sufficiently fresh air supply and the circulation system 

2. Filtering pollution by the selection of instrumentations and materials 

3. Keep the building’s elements and the instruments inside hygiene 

4. Quarantine the inevitable pollution source 

 

To estimate circulation system, it is important to concern about the air ventilation rate 

and the exhaust air. There is a formula to determine the ventilation rate;[3] 

                                      𝑄 = 10
G

𝐶𝑖− 𝐶0 
                                                         (8) 

where 

𝑄 = ventilation rate (L/s) 

G = total pollution source (olf)14 

𝐶𝑖 = perceived indoor air quality (decipol)15 

𝐶0 = perceived outdoor air quality (decipol) 

Alternately, for residential building it can be looked at the table for recommended 

ventilation rate as provided in Table 15 

 

 

                                                 

14 Unit of pollution  

15 Unit of perceived air quality 
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Table 15  Recommended Ventilation and Exhaust Air Necessity [10] 

 

 

Controlling good IAQ level by way of low cost may achieve with manage some im-

portant sections in the building such as: 

 Skylights and Windows: positioning the skylights and windows on the right 

location is important. For cooling purpose it is important to know the 

direction of wind come from and across the windows. And for heating 

purpose the sunlight direction source is important through the skylights. 

 Under-slab ventilation: between the floor and the foundation below ground 

should have space for air circulating in order to keep the floor not too hot or 

too chill. 

 Stack ventilation: to move air out and onto the building by chanelling it 

especially for hot condition. Since the hot air usually rises, the stack mostly 

happen in ceiling, therefore the best channel location is on the roof. 

    

Outdoor air quality surrounding the building is another thing to be dealt as well. By 

making the boundaries from the pollutant could be the solution of approaching good air 

quality. In daily practical, for example in general is the hospital or medical clinic it used to 

be creating hygiene zone and the non-hygiene zone.  

Environmental  Protection Agency in U.S has the national outdoor air quality stand-

ards as seen on Table 16.  

 



TBU in Zlín, Faculty of Applied Informatics, 2015 50 

 

Table 16  Ambient Outdoor Air Quality Standards [11] 

 

 

1.6.3 Air Pollutant 

Types of air pollutant inside the building divided into two kinds; (1) the kind of ef-

fects (toxic substances, irritants, and odors) and (2) the kind of contaminants (micro organ-

ics, microscopic particulates, and gaseous).[3]  

 Toxic substance: vinyl floor and asbestos cement are very hazardous, must 

be well isolated. The others could came up from stove, tobacco smoke, 

kerosene, etc. 

 Soil gases: Radon16, could cause lung cancer if inhaled by human. Others 

are pesticides and methane gas.   

 Odours: sensitive to people, felt strong at beginning then fading slowly 

 Biological contaminant: viruses, bacteria, insect, fungi, etc could create 

allergic diseases.  

 Irritants: insensitive for people but possible come up to suffered from time 

to time, symptoms are couching, sneezing, sore throat, dry nose, and chest 

tightness     

                                                 

16 Radioactive gas that decays rapidly, colorless, odorless, tasteless 
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Table 17  General Air Pollutants [12]

 

 

1.6.4 Comfort Quality 

Human comfort is the primary intent of the house building. The thermal comfort 

expresses pleasant feel with the ambient temperature and relative humidity based on the 

personal subjective assessment. Therefore, it could be have a different in term of level satis-

faction between persons in the same interior environment condition. 

In order to response his/her ambient climate (either too cold or to hot), people has 

the ability to adapt and tend to make effort as best as they could for making the body feel 
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comfort. This nature behavior to react various conditions can be categorized in five groups 

based on Humpreys and Nicol, given in table 18.   

 

Table 18  Adaptive Attitude to Thermal Comfort [13] 

 

 

The comfort could be brought around by three categories factors; 

1. Environmental: air temperature, air motion, radiant temperature, humidity  

2. Individual: clothing and metabolism   

3. Psychological: light, sound, color, aroma, movement, texture    
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Figure 16 Thermal comfort area defined by environmentally [13] 

 

Human produce heat and has units named metabolic (met). One met defined as the 

energy produced per unit of surface area from a seated person at rest, the value equals to 

58.2 W/𝑚2. Average normal person (with 1.8 𝑚2 surface area) will produce around 106 W 

heat when seated at rest.  

The formula to determine metabolic rating is given by:  

                                         𝑀 =
21 (0.23𝑅𝑄+0.77)𝑄𝑂2

𝐴𝐷
                                             (9) 

where: 

  M = metabolic rate, W/𝑚2 

RQ = molar ratio of 𝐶𝑂2 exhaled to 𝑂2 inhaled, dimensionless  

𝑄𝑂2
 = volumetric rate of oxygen consumption at conditions of 0°C, 101.3kPa, mL 
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 ASHRAE Standard 55 (Thermal Environmental Conditions for Human Occupancy) 

issues a table regarding the rating of human metabolism with typical activities as displayed 

on Table 19. 

 

Table 19  Metabolic Rating [14] 

 

 

ASHRAE define the parameters of comfort zone of 80% resident plausibility for air 

speed maximum 0.2 m/s, tolerable operative temperature and the relative humidity margin, 

with wearing common clothing (around 0.5-1.0 clo) as well as major metabolism rating (1.0-

1.3 met).  
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Figure 17 Thermal comfort area defined by ASHRAE [3] 

 

.Level of thermal comfort can be assessed by several criteria: 

1. Predicted Mean Vote Index: to measure medium value of large group of human 

sensastion, it could be reached from physical exertion and thermal resistance of 

clothing, include the air temperature, air velocity, humidity and the mean 

radiant temperature. The formula given by; 

 

                 PMV 0.303𝑒−0.036𝑀 +L                                   (10) 

 

where: 

     M = metabolic rate 

      L = thermal load  
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Thermal sensation level based on ASHRAE; 

 

Table 20  Thermal sensation 

 

Sensation Value  

Hot +3 

Warm +2 

Slightly warm +1 

Neutral 0 

Slightly cool -1 

Cool -2 

Cold -3 

 

2. Predicted Percentage of Dissatisfied Index: to predict the quantitiy of thermal 

microclimate dissatisfaction‘s number of people, relate to health and mental 

condition include psychological side. The formula is; 

 

                PPD = 100-95 𝑒−0.03353 𝑃𝑀𝑉4  +0.2179𝑃𝑀𝑉2  
                               (11) 

 

Figure 18 PPD index and PMV index relation [3] 

 

Table 21  Comfort Categories Based on DIN ISO 7730 [15] 
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3. Relative humidity: to indicate the ratio between the amount of water vapour in 

the air and the air pressure at the same temperature. If it is too low (below 30%, 

will bring drying on the skin part), and if too high (over 70%, cause tightness 

feeling). 

 

4. Operative temperature: average of ambient temperature and mean radiant 

temperature. The empiris equation given by: 

 

                                         Ɵ0 =
ℎ𝑐 Ɵ𝑎+ ℎ𝑟 Ɵ𝑟

ℎ𝑐+ ℎ𝑟
                                      (12)               

 

where: 

              

       ℎ𝑐   = convection heat transfer coefficient  

        ℎ𝑟  =  radiative heat transfer coefficient 

      Ɵ𝑎  = air temperature 

      Ɵ𝑟  = mean radiant temperature 

 

 

Figure 19 Admissible Operative Temperature [14] 

 

5. Mean radiant temperature: amount of radiant heat temperature transfer from 

human body equal with the radiant transfer to actual nonuniform enclosure, the 

formula to calculate MRT; 
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6. Air motion: rate of the air velocity to the exposed body regard to location and 

time  

 

Table 22  Air motion and comfort relation [16] 

 

Air speed 

(m/s) 

Temperature Comfort Sensation 

(°C) 

Impact 

0.25 No change N/A 

0.25-0.51 1.1-1.7 lower cozy 

0.51-1.02 2.2-2.8 lower aware of air movement 

1.02-1.52 2.8-3.9 lower wind annoying 

>1.52 >2.8-3.9 lower health must secured 

 

 

7.  Clothing is the insulation tool for human body to be protected from direct 

radiation, conduction, or convection. Clothing is sized in clo units, one clo 

defined as 0.155 𝑚2K/W. A measure of one person’s dress can be sum up by 

counting the clo value of each item. Table 13 provides clo values of clothing 

suits by ASHRAE Standard 55. 

 

Table 23  Insulation Rating for Clothing Ensembles [14]  
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1.7 Mechanical Mode in IAQ 

Most often this way is the active method by using electrical energy as the main sup-

porter to run the equipment for heating and cooling include controlling humidity until reach 

the comfort sensation by the occupants. It is reduce the dependencies to the surrounding 

climate. Unlike the nonresidential building, house building usually not fully installed with 

these kinds of element in the whole part of the building.   

The air tightness of the residential buildings (in this case is single family house build-

ings) are not as tight as in offices or other public buildings. Because it is not efficient to turn 

on the devices whole days in whole weeks, therefore the nature influences still take big part 

for comforting the occupants in certain time. In nonresidential buildings, these are only ac-

tive when the buildings are occupied in particular time, other than that it must be shut down.  

In order achieving (at least) good level of indoor climate quality without waste much 

energy and cost, the choosing the proper equipment are very crucial. Prior to the selection 

and installation, it is also important to survey the quantitative and qualitative parts of the 

building and occupants’ needs of the condition which desired.   

To help the engineers or designers making proper measurement and installment in 

residential buildings, some international standards already issued, one of them is 

ANSI/ASHRAE Standard 62.2 about Ventilation and Acceptable Indoor Air Quality in Low-

Rise Residential Buildings. Many of these mechanical products specifications in the market 

could be filter out and purchase the best matched for the building.         

 

1.7.1 Exhaust Ventilations  

Many typical of unwanted smell air like odor and so on circulate inside the building. 

Mainly in particular areas such as kitchen, bathrooms, and even in the bedrooms. Especially 

in the bathrooms, most case found are the exaggerated humid level, hence, exhaust fans most 

often are located in the bathrooms. Also, the kitchen is the place where contaminated with 

the by fume or smoke from the cooking process and the leftovers foods, Therefore, electric 

chimney as the part of integrated kitchen appliances or could be stand-alone exhaust fans 

installed in this area.   
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According to ASHRAE Standard 62.2, minimum capacity of exhaust fans is 50 L/s 

for kitchen and 25 L/s in the bathroom. It should be positioned close to the polluted source 

to avoid the pollutant spread out inside the building before it sucked by the fans. 

 

 

Figure 20 Exhaust Ventilation in Bathroom [3] 

 

1.7.2 Humidifier & Dehumidifier 

Hot temperature air has high humidity, escalate the friction between clothes and skin, 

intensify the skin sweatiness, and more difficult to evaporate. Low humidity create dry sen-

sation and chill temperature, with the risk of skin irritation. Every 1°C temperature change 

impact the comfort feeling as 30% relative humidity change.  

Humidifier17 most often needs in winter season and dehumidifier18 in summer season 

and in the tropical countries which are have hot temperature almost whole year. Nowadays, 

both of humidifier and dehumidifier are integrated in the cooling/heating systems as embed-

ded devices, but there are also still available as stand-alone devices. 

                                                 

17 A device which adds moisture to the air 

18 A device which removes moisture from the air 
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Over humidification has consequences condensation on the surfaces in the building 

especially windows, if the moisture spread out through all the structural components could 

be damage, mould, outside painting exfoliate, and wet insulation.    

There are two typical humidifier common used in residential building, they are power 

humidifier19 and bypass humidifier20. A bypass humidifier usually positioned on the furnace 

supply part in heating system, it uses the pressure differentiation between return air and sup-

ply air moving air. 

 

Figure 21 Bypass and Power Humidifier Attached on Duct 

 

Dehumidifier could be classified into three groups based on the way they remove 

moisture from air;  

1. absorption dehumidifiers: remove the moisture by using sorbent21 material,  

2. spray dehumidifiers: spraying the lower temperature air washer to ambient air  

3. refrigeration dehumidifiers: extract the moisture from the air by passing over 

cooling coil 

           

 

 

 

 

                                                 

19 Consists of an evaporator panel embedded to a small motor, a rotating device and a fan, no duct connection 

20 Consists of an evaporator panel embedded to a small motor and a rotating device  

21 Substance contains a cast number microscopic pores 
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Both humidifier and dehumidifier operation are controlled by a humidistat. 

 

 

Figure 22 Electric Dehumidifier 

 

 

 

 

Figure 23  Humidistat Control 
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1.7.3 Air Filters and Cleaners 

Small particle air pollution smudge the fabrics and furniture cause a respiration 

health damage. ASHRAE Standard 52.2 (Method of Testing General Ventilation Air Clean-

ing Devices for Removal Efficiency by Particle Size) has the filtration parameters evaluation 

of the air cleaning devices performance, they are: (1) ability to remove particles from air, (2) 

resistance to airflow, (3) capacity to hold dust and weight efficiency. 

There are three air cleaner devices;[17] 

1. Electronic Air Cleaner: approximately can remove 70% – 90% air pollutant. It 

could be mounted in cooling/heating systems (embedded on air handler, 

furnace, air conditioning, and at return grilles) or stand-alone unit.    

 

2. Air washer: could be use to monitor bacterial growth and humidity, must be 

well maintained to avoid moisture threat. 

 

3. Conventional air filters: common used in furnace to remove and trap air 

pollutant contaminants from air. 

 

 

Table 24  Typical of Air Filter [18] 
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1.7.4 Heat Exchanger 

The heat exchanger22 could preserve fresh air supply and control the air changes per 

hour (ACH), very effective in high tightness buildings type. Regard to the application, it has 

different size, shape and design. The common devices which use heat exchangers principal 

among others are cooling tower, boilers, regenerators, condensers, and radiators, it always 

equipped with fan.[19] 

There are things must be alert in using heat exchangers; 

 For cold temperature area, it needs the built-in defroster 

 Keep away from exhaust air which contains pollutants and much moisture, 

to avoid fire 

 Place the air fresh inlet far away from the exhaust air stream 

 

The value of heat transferred while heat is exchanged between two fluids stream 

down along heat exchanger can be calculated as; 

                                    Q = U A Δ𝑡𝑚                                               (13) 

where: 

       U = overall coefficient of heat transfer between fluid, W/m²K 

       A = heat transfer area of the heat exchanger, m² 

    Δ𝑡𝑚= log mean temperature difference, K 

When the temperature difference is large (Δ𝑡𝑚), heat exchanger should able to man-

age the movement and forces in small surface area (A), but if the temperature difference is 

small, surface area should be big.   

The types of heat exchangers that most often used are plate unit and counter flow 

shell-and-tube. The plate heat exchanger made from pairs of metal plate composed to ac-

commodate different two flow streams. A counter flow shell-and-tube constructed with tube 

bundle and welded inside a tubular shell.   

                                                 

22 A device to transfer energy between two fluids without mixing them. 
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Figure 24 Shell and tube counter flow heat exchanger 

 

 

Figure 25 Temperature distribution of counter flow heat exchanger 

 

 

                  Q = m 𝑐𝑝(𝑡1 -𝑡2)                                            (14) 

where: 

Q = quantity of energy 

m = mass, kg 

𝑐𝑝= specific heat, J/kg °C 

𝑡1 = temperature in, °C  

𝑡2 = temperature out, °C 
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2 HVAC SYSTEMS 

The HVAC term is common used to express the methods to control climatic condition 

inside the building. It is stand for Heating, Ventilation, and Air Conditioning. The simple 

description of heating is to escalate the temperature of anything, related to climate is air. 

Ventilation is the way to make air circulated. Air conditioning usually simply describe as to 

reduce the temperature of air.  

Actually the air conditioning part means more complex, because it contains to make the 

condition of air to be in good condition, which is include the quality, humidity and the move-

ment of air beside the temperature. Around the world, there are some places that need both 

heating and cooling systems, and some areas only need either heating or cooling system.   

The determination of the HVAC system and its feasibility including all resolutions 

and executions should be taken simultaneously since the phases of predesign, design, con-

struction, until tenancy of the project.  

 

 

Figure 26 HVAC systems 
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2.1 Heating Systems 

Main heat sources for the building heating systems commonly come from the fossil 

fuels e.g. oil, coal, and gas. For particular conditions, solar radiation and electricity are 

used to heat some zones inside building and also water service. Basically, heat lost flowing 

by radiation, evaporation and convection. Therefore, to obtain heat could be through those 

three ways.      

Based on the functional component, the heating system could be specified in to three 

groups:  

a) Source elements : producing the heat impact 

b) Distrubution elements : circulating the heat impact to the conditioned zones 

c) Control elements: monitoring and operating the whole functionality devices  

 

 

The heat source type is important to be selected prior to design the system. Some 

concept ways to present heat into the building, such as; 

 Heat transfer : by moving the heat to the spot that more needed, the 

application can be found on air-to-air heat exchanger and heat pump. 

 On site combustion : by burning the fuel source on the spot area that need 

heat, the source could be firewood, oil, gas, coal, etc. 

 Energy capture: by tapping the energy form and convert it to heat, solar 

energy is the common source for this approach 

 Electric resistance : electrical current passing through the electrical 

resistance device and producing heat. 

 

2.1.1 Heat Pump as Heating Source Equipment  

Electric heat pump is the modern equipment generally used in high performance 

buildings. The principle being used is the reversible cycle, which means could be used as 

both heating and cooling purpose. In residential building, the capacity of heat commonly 

used is 10 kW and produce hot water up to 105 °C. 

Heat pumps contain of two heat exchangers and a compressor. Indoor and outdoor 

heat exchangers produce sufficient heat transfer coefficient by using convection forced in 

the air. Usual problem appear in heat pump while in heating cycle is the frost accumulated 

at the external coil over the freezing temperature point. It can be solved by defrosting with 

defrost control equipped with sensor or timer. 
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Figure 27 Heating Cycle in Heat Pump [17] 

 

In generally, the performance of heat pump in heating can be compared to the ideal 

Carnot Coefficient of Performance (COP)23. The margin of low and high temperature res-

ervoirs have reversely proportional. The fresh low pressure fluid leaves evaporator in point 

2 ahead to the compressor to increase the temperature and pressure. As shown in figure 29, 

at point 3 the compressed fluid passing by the condenser to release heat to the ambience 

(warming the building). High pressure cool fluid exit the condenser at point 4 and through 

the expansion valve in order to decrease the pressure for entering back into the evaporator 

(point 1). 

                                                 

23 Ratio of heat delivered and energy input   
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Figure 28 Thermodynamic cycle of heat pump in heating mode 

 

The flows between point 1 and point 2 taken from the First Law of Thermodynam-

ics; 

 

𝑒2 +
𝑢2

2

2g 
+

gz2 

g 
+ 𝑝2𝑣2  = 𝑒1 +

𝑢1
2

2g 
+

gz1 

g 
+ 𝑝1𝑣1 +  

 Ǭ− ẇ 

ṁ
              (18) 

 

 

where: 

ṁ = mass flow of fluid, kg/s 

           Ǭ = heat absorbed by fluid, kW 

             ẇ  = rate of work done on ambience, kW 

            𝑣  =  specific volume of fluid, 𝑚3/𝑘𝑔 

             𝑝 = pressure, N/𝑚2 

 



TBU in Zlín, Faculty of Applied Informatics, 2015 70 

 

As e + pv = h called specific entalphy24, equation 18 may simplified into; 

1

2g 
(𝑢2

2 −  𝑢1
2) +

1

g 
(gz2−gz1) + Δℎ2−1  =

 Ǭ− ẇ 

ṁ
                    (19)     

 

 

Figure 29 p-h diagram of heat pump in heating mode 

 

 

Figure 30 T-s diagram of heat pump  

 

From figure 33 the temperature – entropy diagram, shown the process between 

point 1 and point 2 the fluid flashes into vapor and liquid through expansion valve, at point 

2 to point 3 both liquid and vapor changed become all vapor in evaporator, then from point 

                                                 

24 Total energy in a system due to pressure and temperature per unit of mass in the system 
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3 to point 4 the vapor compressed, from point 4 to point 1 vapor superheat removed and 

converted into liquid in the condenser. 

The ideal heat pump cycle is expressed as: 

                    COP = 
T𝐻 

T𝐻 − T𝐿 
                                                (20) 

Hence, the real COP of heat pump is: 

                    COP = 
1

1−   
T𝐿

T𝐻 
  
                                                (21)               

where:  

              T𝐻 = high temperature 

 T𝐿 = low temperature 

The capacity of heat pumps vary from 10 kW to 15 MW. The smaller capacity 

commonly used in residential buildings and the large capacity generally in public or com-

mercial buildings. This heating capacity and the electric input rate ratio usually measured 

from COP value with the conversion factor in 3.413 British Thermal Unit (Btu) per watt 

hour, commonly known as Energy Efficiency Ratio (EER). For each different season it has 

Seasonal Energy Efficiency Ratio (SEER) which is used in US similar as European Sea-

sonal Energy Efficiency Ratio (ESEER) in Europe.  

Based on the source of the heat pumps, there are several types, such as: air, water, 

gas fired, dual fuel (gas + air) and ground source. The air source (split system) type mostly 

used in residential building, it is located split at outdoor part and indoor part, connected 

with refrigerant tubing. The indoor part contains blower, filter and evaporator coil, mean-

while at the outdoor part has fan, compressor, and condenser coil. 
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Figure 31 Indoor Heat Pump Unit [17] 

 

 

Figure 32 Outdoor Heat Pump Unit [17] 
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Another subtype of air source heat pump is the packaged system unit. All the com-

ponents are inside one box and it located outdoor. It could be used with or without duct-

work, for the single room heating or cooling purpose does not required ductwork.  

 

 

Figure 33 Packaged System Heat Pump Unit [17] 

 

The water source type use the water as the source for heating and also as the heat 

sink. It has closed loop and open loop coupling systems. In open loop coupling system ex-

tract the water from the surrounding groundwater source by making the wells.  
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Figure 34 Open Loop Coupling System of Water Source Heat Pump [19] 

 

For the closed loop coupling system, the water circulated in the pipes from the 

sources using compressor for pumping by separate coils in to refrigerant then to the heat 

exchanger (which heat transfer occurs) and come back to the water source.  

 

 

Figure 35 Closed Loop Coupling System of Water Source Heat Pump [19]  

 

   There are some good and weakness of the air and water heat pumps as shown in 

table 26; [19] 
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Table 25  Advantages & Disadvantages of Air and Water Source Heat Pump 

 

 

The ground source heat pump, commonly called as geothermal heat pump as well. 

It harness the constant temperature of the earth ground as the heat source and using closed 

loop ground coupling system. Loop’s system design could be horizontal, vertical and spi-

ral. Horizontal design is the most often used in residential single family house. The fluid 

flows pass through the outdoor coil and absorbs the heat and pumps out in to the interior 

building via the pipe located underground.   

The geothermal heat pump is the most clean and energy efficient for heating/cool-

ing residential building according to the U.S Environmental Protection Agency (EPA). It 

does not need defrost cycle25 and has lower maintenance than other type of heat pump, but 

it requires large are to keep the piping loop and the initial high installation cost.[17]  

                                                 

25 Heat pump is reversed at particular intervals and returned to the cooling cycle 
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Figure 36 Ground (Geothermal) Source Heat Pump System [19] 

 

Another types of heat pumps is gas fired heat pumps which has propane or natural 

gas engine as the source, the heat waste from the engine still be used for adding heat to the 

heat output or heating the domestic hot water.   

Dual-fuel heat pump system that collaborate a gas furnace and air as the source of 

heat, the gas furnace consumes less energy than electric resistor heating and it backups 

heat pump if the exterior temperature extremely cold. The operation similar with the air-

source heat pump. 

The last type is dual-source heat pump that merge air-source heat pump and geo-

thermal heat pump in one unit. It uses both ground and air for evaporating, with dual com-

pressors for supplementary heat. The area of ground loop needed are far much smaller than 

the stand alone geothermal heat pump.  
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Figure 37  Dual-Fuel Heat Pump System [3] 

 

Solar heating commonly used for elevating the domestic water temperature in 

mostly residential house within these days. It collects the solar energy using plate panel, 

and can effectively heat the water up to 50 - 60 °C.  The water must be stored in the water 

tank to keep water warm, heat counter flows from panel to the tank in the loop system. 

 

 

Figure 38  Solar Heating for Domestic Water System  
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2.2 Cooling Systems 

For conditioning air an interior of a building, there are three fundamentally definitions 

based on how it works: (1) absorption refrigeration (2) evaporative cooling, and (3) vapor 

compression cycle. All the three definitions will help the designer or engineer to decide 

which equipment should be chosen.[3]   

Absorption refrigeration commonly used to produce large amount of cool water. The 

circulation has a mechanical-electrical cycle with the chemical refrigerant flow controlled 

by heat, natural gas and solar hot water. Generally the equipment tend to be quite but it less 

efficient or lower COP.  

The evaporative cooling straight to chill the water or to chill air using evaporative 

cooler as the equipment to produce coolness, has high energy efficient, and does not use any 

mechanical vapor compressor or refrigerant. The equipment mostly influenced by the sur-

round climate, it simultaneously involved the mass and heat as with the water contact along 

open air.   

Vapor compression cycle has the mechanical-electrical loop with a refrigerant circu-

lated upon the temperature point can remove heat from the interior of the building to outside. 

This system needs condenser unit to reject heat from outside, and most of HVAC system 

using this way.   

 

2.2.1 Cooling Source Equipment  

Vapor compression refrigeration is the common device that used for cooling purpose, 

it has the refrigerant as the crucial material to cool. The gaseous refrigerant is compressed 

into the high pressure vapor and heat is extracted then condenses until becomes high pressure 

liquid refrigerant, after that it absorbs heat while passing through the expansion valve as well 

as the depressurized process till back to gaseous state. This cycle scheme illustrated in figure 

39. 
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Figure 39  Vapor compression refrigeration cycle [17]  

 

The use of heat pump for cooling purpose also use the refrigeration cycle principal, 

basically it removes heat from interior of the building to exterior. The refrigerant counter 

flows makes heat extraction at the interior part then has direction to outside building during 

condensation of the refrigerant.  

 

 

 

 

 

 

 

 

 

 

 

Figure 40 Cooling Cycle in Heat Pump [17]  
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Generally in residential building air to air heat pump unit is being used (air as the 

cool source), this unit removes the heat through refrigerant loop among indoor unit and 

outdoor unit, as shown in figure 41. 

 

 

Figure 41 Air to Air Heat Pump Cooling System [3] 

 

Major components of the mechanical cooling equipment contains five elements, 

such as: (1) compressor, (2) condenser, (3) receiver, (4) evaporator, and (5) refrigerant.  

Compressor has the function mainly to compress refrigerant vapor becomes smaller 

volume at higher pressure so the refrigerant could stream down in the system. Some types 

of compressor are piston compressor, rotary compressor, centrifugal compressor, sealed 

compressor and scroll compressor. In residential buildings, it is common to use the piston 

compressor type (a piston inside cylinder is moving for compressing low pressure refriger-

ant).  
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Figure 42 Piston Compressor Unit [17] 

 

Condenser has the role for liquefying the gas through cooling, the refrigerant vapor 

from compressor enters the coil inside condenser afterward drain out to the receiver which 

placed at lower level. Based on cooling method there are three types condenser: water 

cooled, air-cooled, combined air and water cooled condenser.    

 

 

Figure 43 Condenser Unit [17] 
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Evaporator plays as the absorption and transfer of heat device from atmosphere air 

to refrigerant, then the refrigerant being evaporated while passing by the evaporator. In the 

market evaporator known as blower coil, expansion coil or cooling coil.     

 

 

Figure 44 Evaporator Unit [19] 

 

Refrigerant is the material which has contains physical, chemical, and thermody-

namic properties that can efficiently safe absorbing the heat as it vaporizes or expands. 

Some properties of being a good refrigerant are: (1) non-toxic, (2) non-flammable, (3) not 

affected by moisture, (4) mixes safe with oil, (5) non-explosive, (6) low boiling point, and 

(7) high latent heat. [17]  

 

 

 

 

 



TBU in Zlín, Faculty of Applied Informatics, 2015 83 

 

2.3 Possibility Utilization of Renewable Energy Sources for HVAC 

To keep achieve the green residential building label along with the level of inner com-

fortable condition for the occupants inside, resolution could be made by using ecofriendly 

energy resources which are sustainable and have low emission or even could be zero pollu-

tion. 

Indonesia has several diversification potentially renewable energy resources that could 

be utilized for HVAC systems, such as: solar energy, geothermal energy, hydro, ocean wave 

and wind energy. As a tropical country, these nature resources are the blessing for Indonesia 

to realize green building label especially in cooling purpose as a part of mechanical HVAC 

systems. 

  The potential capacity and installed capacity of renewable energy resources in Indo-

nesia shown in table 26.  

 

Table 26  Potential and Installed Energy Resources in Indonesia (2013)[20] 

 

 

Several attempts are being made to intensify the utilization of renewable energy re-

sources in Indonesia, some of them are: 

 Policy & regulation : making clear law and order about using energy amount  

 Create the market : by supplying more renewable sources and limiting fossil 

source 

 Incentives & facilities : by decrease taxes and custom duties for the non fossil 

energy consumed equipment 

 Educate human resources : through the education institution mainly in public 

academic institutions improve the quality and quantity of it 

 Financial support : by funding the program from ministry office to the 

renewable energy access in remote area 

 Enchance research in the field of renewable energy : by multiply research 

cooperation with energy institution abroad 
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 Subsidy : national distribution energy company has subsidize the bio-fuel 

since 2009 

 Feed in tariff : national electric company purchase electric generated from the 

renewable sources from the private sector with the fixed price   

 

2.3.1 Requirements on HVAC Systems 

For designing HVAC system in plan phase, it is important to determine and fulfill 

all the standard requirements and its necessity prior to installment of the equipment. In most 

common HVAC systems, following aspect involved;[19] 

a. Space configuration  

b. System specification 

c. Sound criteria 

d. Design parameter of exterior humidity and temperature 

e. Interior air temperature and humidity based on standard comfort in 

ASHRAE Standard 55 

f. Design sensitivity and latent loads in every conditioned zone as obtained 

from building load analysis result 

g. Ventilation standard for good indoor air quality as regulated in ASHRAE 

Standard 62  

 

 

2.4 Artificial Lighting Systems 

Mostly electric energy consumption in building is used for the lighting systems. Based 

on IESNA, there are several systems of units used in lighting industries, such as:  

 luminous intensity : with SI unit is candela (candle power, cp), indicates the 

force of the light which people could see 

 luminous flux : SI unit is lumen (lm), indicates measurement of light power 

that feel by human eye 

 illuminance : SI unit is lux which is equally to lumens per square meter area    

 brightness : SI unit is candela (cd) per square meter area 

 

Recommended values of illuminance visiblity are provided by IESNA Standard, it 

depends on visual task necessity. Since brightness is the product of reflectance and 

illuminance, it formulated as: 

   

                                        L = 
𝐸 .  𝑅𝐹

𝜋
                                                   (22) 

where: 

L   = brightness, cd/𝑚2 

E   = illuminance, lux 

RF = reflection factor 
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Required brightness (luminance) according to IESNA Standard 90.1 categorized into 

five tasks type as shown in table 27. 

 

Table 27 Brightness Category  

 

 
 

 

2.4.1 Energy Efficient Artificial Lighting System 

To improve the efficiency of energy consumption of the lighting systems, some strat-

egies can be done, for instances; 

1. Decreasing the quantity of luminaries by delamping (remove the unecessary 

light fixtures at the location which produce bigger than required 

illumination. 

2. Reducing the length of lighting use by install lighting control which is could 

be done automatically after setting up based on the occupancy sensing 

censor technology. 

3. Limitating the wattage rating of the lighting source luminaries, can be done 

by choosing low watt lamp technology i.e. LED lamp.  

 

The formula to calculate total electical energy used by lighting could be shown 

as:[19] 

 

             Kwh = ∑ N𝐿𝑢𝑚𝑗 .  WR𝐿𝑢𝑚𝑗 

𝐽

𝑗=1
. Nℎ𝑗                                (23) 

 

where; 

 N𝐿𝑢𝑚𝑗    = number of lighting luminaries of type j 

WR𝐿𝑢𝑚𝑗 = wattage rating of each luminaries of type j 

 Nℎ𝑗        = number of hours per year when the luminaries of type j operating 

 𝐽            = number of luminaire types of the building 
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2.4.2 Artificial Lighting Design Quality 

The aim of artificial lighting is creating pleasant luminous sphere effectively. Visi-

bility comfort mainly set by the lack of glare26. There are two kinds of glare, they are direct 

glare (caused by light sources in vision range) and reflected glare (caused by reflection of a 

light source in a visible surface).  

 

 

Figure 45 Glare Zones [3] 

 

Some fundamental ways to reach the goal could be provide as below; 

a. Lighting devices as can be as possible located unnoticable but still visible. 

b. Illuminance rate ought to be enough for clear visible view. 

c. Appropriate lighting quality should be maintain according the occupant 

necessity. 

d. Whole lighting design should be has proper energy and its cost 

e. The variation of lighting devices may be expected to make aspect effects 

and avoid monotony.     

 

                                                 

26 Exaggerated luminance ratio in the field of vision 



TBU in Zlín, Faculty of Applied Informatics, 2015 87 

 

 

 

 Figure 46 Artificial Lighting Design Step [3] 
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2.5 Control and Communication Systems 

Basically the fundamental control in building energy management system is about 

collaboration and optimization between HVAC distribution systems, lighting, plumbing, 

with the controllers loop process. The control system in HVAC have objectives, such as: 

a. Energy, temperature, pressure, humidity, light level, and all flows have to be 

precisely controlled 

b. Gas, conditioned air, and water have to be flow at necessity location 

c. Interior building has to be maintain the acceptable temperature level by 

occupant 

d. The fresh air has to be enter the building and distributed effectively  

e. All the generated pollutants, water, and air have to be rinse out of the 

building 

 

 

Figure 47  SCADA Scheme 

SCADA stand for Supervisory Control and Data Acquisition, the function is to ana-

lyze and encounter real time data. It consists of software and hardware elements, which the 

hardware part getting the signal (data) then input it to the computer, then computer will 

process and give the information data through human machine interface.  
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HVAC system important to have suffice stabilization, there are three types for stabi-

lizing the HVAC system;[19] 

1. Unstable : need some setpoint assignment, method for process controlling 

and measurements 

2. Self-stabilizing : always has the final correct result output after certain 

quantity of execution steps 

3. Moderate stabilizing : small interference could make unstable respons but 

most of the time it is properly stable 

     

In HVAC control systems, there are some own terms for definition of event, they are: 

 Setpoint : expected value of the output result 

 Actuator : an electric or pneumatic device which move a valve or damper, 

perform physical action in the control process and activates relay 

 Controller : sending signal to actuator 

 Sensor : produce indicator signal impulse and transmit information 

 

 

 

Figure 48  Control with Closed Loop Scheme [19] 
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II. PRACTICAL PART 
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3 THE SINGLE FAMILY HOUSE DESIGN 

The house building is placed in Medan, the capital city of North Sumatera province, 

Sumatera Island, west part of Indonesia. The existing single family residential building is a 

simple one floor conventional house with electric grid utility system and normal water sys-

tem. It was established since 1983, without any of central HVAC (cooling) system, security 

system, renewable energy utilization, or domestic hot water system installation. For cooling 

purpose, the occupants use table / stand fans.    

The refurbishment processes are explained in this project, from general existing build-

ing conditions until the new minor shape design but major change in material construction 

with the upgraded of advance integrated technology equipment complete with the prediction 

of energy consumption by the residential building and occupants.   

 

 

Figure 49 Spacious Area of Residential Building 

 

The spacious area is 1570 𝑚2, besides the house building there is a small office building 

with size 140 𝑚2 (20m length & 7m width), a bedroom size 24𝑚2 (6m length & 4m width) 

and a warehouse / garage building with size 84 𝑚2 (12m length & 7m width) within the land 
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area location. The size of the house building itself is around 300 𝑚2, the building shape is 

not exactly rectangle, for the rest of the area is garden and paving block. Front side of the 

house and the office building in the area is heading to South, meanwhile for the warehouse 

entrance door is heading to West. 

 

3.1 Existing Residential Building Properties 

Physics condition of existing residential building already has many leaks in major 

parts area and no extra insulation found. The building’s materials being used were not qual-

ified based on ASHRAE STANDARD 90.1.2007 for current residential building standard in 

hot climate zone. Table 28 provide the list of basic construction properties of the old house 

single-family building. 

 

Table 28  Existing House Properties 

 

Assembly Basic Construction Thermal compo-

nent 

U-value 

W/(𝑚2·K) 

Insulation 

(𝑚2·K)/W Outdoor Wall Concrete masonry 

(15cm, 1840 

kg/𝑚3) 

- 2.63 N/A 

Celling & 

Roof 

Standard wood 

joists, single rafter 

Gypsum board 0.2 5.3 

(Slab) Floor Unheated slab 

(150mm) 

Concrete slab F-1.264 N/A 

Doors Swinging Wood frames 3.4 N/A 

 Uninsulated double 

layer swinging 

Metal frames 4.0 N/A 

Windows Clear & operable, 

Glazing Layer 1 

Wood frames 5.05 SHGC27=0.64 

Unit Leakage 

Area 

Average  2.8 𝑐𝑚2/𝑚2  

F = per linear foot of building perimeter 

 

 

 

                                                 

27 Solar Heat Gain Coefficient - represents the percentage of solar radiation on a window or skylight assembly 

which ends up in a building as heat, range value is between 0 and 1.   
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Figure 50 3D View of Existing House Building 

 

3.1.1 Existing Residential Building Environment 

The existing house building is located at 3.57° N latitude and 98.67° E longitude, 

local climate data analysis using the closest weather station data available in IWEC database 

list from the residential location which is located in George Town-Penang Island, Malaysia, 

positioned at 5.3° N latitude and 100.27 ° E longitude. The basic codes for calculation being 

used is ASHRAE Standard 55 and current ASHRAE Fundamental. 

 

Table 29  Existing House Environment 

 

Item Cooling Notes 

Latitude - 3.58° N 

Longitude - 98.67° E 

Elevation  25 m 

Indoor temperature 29°C  

Indoor relative humidity 65 %  

Outdoor temperature 34 °C  

Outdoor Relative Humidity 82%𝑎  
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Wind Speed 2 m/s  

∆T 5 °C T(outdoor-indoor) 

Outdoor wet bulb temperature 27 °C 𝑀𝐶𝑊𝐵28 at 1% 

Occupants  7 

.𝑎 Using software Climate Consultant 6.0 beta29, based on IWEC weather data input 

 

3.1.1 Existing Building Envelopes 

The envelopes of the building generally consists of roof, ceiling, doors, windows, 

walls and floor. Observation and measurement need to be done for collecting information of 

the elements. From all of these elements data, the total cooling load through building enve-

lope can be obtained.      

 

Table 30  Existing Building Envelopes Parametes 

 

Component Area (𝑚2) Notes 

Ceiling (Roof) 425 

 

No insulation 

Doors 23  3(0.9 x 2 m) , 1(2x2m), 1(1.8x2m), 

1(5x2m) Windows 26.925  14(0.8x1.5m), 5(0.75x1m), 3(0.5x0.75m), 

1(1.5x2m), 1(0.75x2m), 1(0.5x3m) Outdoor walls (without 

windows and doors) 

230.075 Wall height = 3.5m 

Slab Floor above grade 375 Unheated 

 

                                                 

28 Mean Coincident Wet Bulb - the mean value of all those wet bulb temperatures which occur together with 

the dry bulb temperature within 5°C interval 

29 Graphic-based computer program to plot climate data  
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Figure 51 Floor Plan View of Existing Building 

 

3.1.2 Sensible Heat Gain of Existing Residential Building  

The sensible heat gain or known as cooling load required to determine specification 

of the cooling equipment to be installed inside the building. To find the cooling load of each 

element, there are some mathematical equations can be used. For roof, wall, and door the 

formula is:   

                              q = 𝑈𝑥 x A x CLTD                                              (24) 

 

where; 

𝑈𝑥      = coefficient of heat transfer of element (For roof, wall, or door), W/m2 K 

𝐴        = area, 𝑚2  

𝐶𝐿𝑇𝐷 = Cooling Load Temperature Differences, K 

 

For the windows (using draperies), the equation is: 

 

                         q = A x GLF                                                          (25) 

where; 

GLF = Glass Load Factor 

 

 

 



TBU in Zlín, Faculty of Applied Informatics, 2015 96 

 

Table 31  Cooling Load of Roof, Wall, and Door of Existing Building 

 

Section Area (𝑚2) U-value (W/m2) 

K) 

CLTD (K) GLF Cooling Load 

(W) Roof 475 0.2 23  2185 

South wall 42.95𝑎 2.63 6  678 

North wall 42.95𝑎 2.63 4  452 

East wall 74.9𝑎 2.63 10  1970 

West wall 84𝑎 2.63 10  2209 

South 

Doors 

4 4 6  96 

North 

Doors 

3.6 4 4  58 

 1.8 3.4 4  25 

East Doors 3.6 3.4 10  122 

West 

Doors 

- N/A  N/A  

South Win-

dows 

5.55 5.05  85 472 

North Win-

dows 

7.65 5.05  57 205 

East Win-

dows 

9 5.05  142 1278 

West Win-

dows 

- N/A  N/A  

Total     9750 

 

.𝑎 Calculated from gross wall area less windows and doors areas 

 

For heat gains from occupants, the formula is: 

 

𝑞𝑝𝑒𝑜𝑝𝑙𝑒 = number of occupant x cooling load per occupant         (26) 

 

𝑞 = 7 x 67 = 469 W 

In residential building, cooling load / person often assumed 67 W[3] 

 

 

            For heat gains from outdoor air, the equation is: 

             𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐴𝑒𝑥𝑝𝑜𝑠𝑒𝑑 x infiltration factor                       (27) 

 

q = 15 x 2.2 = 33W 
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Table 32 Sensible Cooling Load Infiltration/Ventilation Factor [3] 

 

 
 

Sensible heat gains from appliances is using standard assumption of cooling load 

produced from appliances in residence which is 470W [3] 

 

Total sensible heat gains (cooling load) = (9750 + 469 + 33 + 470) W = 10722 W  

 

Latent heat gains have many variations, it depends on type of occupancy, the basic 

method assumes it is nearly connected with the tightness of building construction. The 

recommended range value is 10% to 30% of total cooling load. 

 

Which means the minimum latent heat gains is 10% x 10722 W = 1072.2 W and 

the maximum is 30% x 10262 W = 3216.6 W. 

Therefore, the total range of cooling load of the building is between 11794.2 W and 

13938.6 W. 

 

The percentage of latent heat from total sensible cooling load illustrated in figure 

52. 

 

 

      Figure 52  Percentage of Latent Heat From Total Sensible Heat Gains [3] 



TBU in Zlín, Faculty of Applied Informatics, 2015 98 

 

3.2 Refurbishment Residential Building Properties 

The refurbishment building basically has the same shape design but major changes in 

the material construction and re-decorating as well. The materials construction that being 

used are based on ASHRAE STANDARD 90.1.2007 recommended for new building in hot 

countries climate zone 1. 

Almost all the material elements are decrease in U-value and increase the insulation 

(R) value, then the cooling load of the building envelopes will reduce and the main goal is 

to achieve cooler temperature and lower humidity level inside the house than older one wher-

ever possible without any installation of HVAC system (only rely on natural cooling). So 

later on the HVAC mechanical cooling demand could be minimize in term of energy uses. 

The way of the building get cooled itself without mechanical cooling equipment is 

called passive cooling. In equatorial area such as Indonesia, it is common for residential 

buildings not having the air conditioning turn on at the daylight (6 am – 6 pm), because 

mostly the occupants have activities outside the house (i.e. school, work, shopping, sport, 

etc.) 

 

Table 33 Refurbishment House Properties 

 

Assembly Basic Construction Thermal compo-

nent 

U-value 

W/(𝑚2·K) 

Insulation 

(𝑚2·K)/W 

Outdoor Wall Brick masonry 

(24cm, 1550 

kg/𝑚3) 

Metal Stud, ply-

wood 

0.16 6.4 

Indoor Wall Laminated Veneer 

Lumber 

Wood 0.12 8.6 

Insulation Fiberglass batt 

(9cm) 

 0.01 11 

Celling  

 

Standard wood 

joists, single rafter 

Gypsum board 0.25 4.0 

Roof Asphalt Wood fiber 

board 

0.21 4.7 

(Slab) Floor Unheated slab 

(60cm) 

Concrete slab 4.2 0.24 

Indoor floor Spruce Wood 

(0.8cm) 

Wood 12.5 0.08 

Doors Single Swinging Wood frames 2.2 0.46 

 Triple glass layer 

Double door 

swinging 

Metal frames 2.8 0.36 

Windows Clear & operable, 

Glazing Layer 3, 

low-e, low-solar 

Wood frames 1.45 0.69 

SHGC=0.26 Leakage Good  2.8 𝑐𝑚2/𝑚2  
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Figure 53 3D View of Refurbishment Building 

 

3.2.1 Refurbishment Residential Building Envelopes 

The building envelopes part have the changes in quantity of doors and windows, the 

number of doors changing from 6 become 7, but the total size area has the significant in-

creasing from 23 𝑚2 to 40.2 𝑚2. Number of windows increase as well from 25 to 28, but 

total size area for windows decrease from 26.925 𝑚2 to 17.5𝑚2, this is happened because in 

the refurbishment building design put more focus on the distribution of ventilation placement 

for getting the more variation and frequently airflow circulation from and to outdoor.  

 

Table 34  Refurbishment Building Envelopes Parameters 

 

Component Area (𝑚2) Notes 

Ceiling (Roof) 543  

 

Fully insulated 

Doors 40.2 2(0.8 x 2.1 m) , 1(2.3x1.7m), 1(1.4x2.1m), 

1(5x3m), 1(3x2m), 1(3x3m) Windows 17.5  16(0.5x1.2m), 7(0.9x1m), 4(0.4x0.4m), 

1(1.2x0.8m),  Outdoor walls 374 Wall height = 3.5m 

Slab Floor above grade 356 Unheated 
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Figure 54  Floor Plan View of Refurbishment House 

 

 

 

Figure 55  House with front elevation view in 3D 
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3.2.1 Sensible Heat Gain of Residential Building  

The sensible heat gain (cooling load) inside of the house could be observed based 

on interior sections. Based on ASHRAE Fundamental Handbook, at indoor air temperature 

of 25°C, rates of sensible heat gain from each occupant can be assumed 70 W, meanwhile 

the latent heat gain per person is 59 W.    

  

Table 35  Cooling Load per Section Interior House 

Space Area 

(𝑚2) 

Volume 

(𝑚3) 

Infiltration 

Airflow 

(L/s) 

Number 

of Occu-

pant 

Cooling 

Load (W) 

Bathroom 1 6.2 14.9 1.2 1 145 

Bathroom 2 4.8 11.6 1.3 1 153 

Bathroom 3 7.8 18.9 0.6 1 178 

Bedroom 1 21.1 47.3 1.4 1 554 

Bedroom 2 14.1 31.6 1.8 1 320 

Bedroom 3 14.2 31.8 3.4 1 420 

Bedroom 4 18.5 41.4 0.9 2 343 

Bedroom 5 18.6 41.7 2.7 2 486 

Kitchen 31.6 70.5 3.3 7 958 

Living 

Room 

22.8 47.7 2.1 7 1393 

Hall 139.3 340.1 10.4 7 4240 

Total 299 697.5   9190 

 

 

 

3.3 HVAC Systems of Residential Building  

The central active mechanical cooling will only installed inside some room parts of 

the house, such as all bedrooms, living room, and family room (hall). The rest of room such 

as bathrooms, kitchen will be hanged on either naturally ventilation or just using exhaust 

cooling (i.e. exhaust fan). 
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Figure 56  HVAC zone inside house 

 

The HVAC systems use 2 ductwork for supply air and return air, which are for the 

supply air uses rectangle duct and for the return air uses round duct. Both ducting connected 

to the Air Handling Unit (AHU) that function to manage airflow to the conditioned space. 

Some of the return air will be go back to heat pump and the other will deliver to Variable 

Air Volume (VAV) Box as the fresh air. The ratio of these air are 0.4, means 2 of 5 of return 

air will be recirculated as supply air after being filtered in AHU. Meanwhile the rest will be 

continued into heat pump then to the water tank for heating the water.  

The cooling source used in this HVAC system is air source reversible heat pump. 

As a cooler this pump assumed work only 12 hours a day in average. Since the heat pump is 

reversible it is also capable produce heat, and this waste heat is optimized for heating the 

domestic water in the house. For the electric source, the heat pump directly connected into 

the electric panel as well as into the main control cabinet (panel) in order being part of the 

building integrated system. 

Heat pump specification is 9kW of cooling power, COP = 4, and 4kW apparent 

load. The AHU specification 124.00 Pa external static pressure, cooling capacity 3629kJ, 

and 516 W apparent load. VAV box unit pressure drop 47 Pa, and 500W apparent load.   
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Figure 57 3D View of Ductwork of HVAC System inside House  

 

Table 36   Supply Cool Air Ductwork Branches 

Space Velocity 

(𝑚/𝑠) 

Cooling 

Airflow 

(L/s) 

Reynolds 

Number 

Equivalent 

Diameter 

(mm) 

Length 

(m) 

Friction 

(Pa/m) 

Pressure 

Loss 

(Pa) 

Bedroom 

1 

2.3 35.8 18999.81 137 3.83 0.70 2.7 

Bedroom 

2 

2.1 20.7 13732.41 109 11.25 0.77 8.7 

Bedroom 

3 

2.2 27.2 16039.57 122 4.72 0.74 3.5 

Bedroom 

4 

2.2 22.2 14727.51 109 7.70 0.88 6.8 

Bedroom 

5 

2.5 31.5 16717.71 137 10.37 0.96 10.0 

Living 

Room 

2.6 90.2 30686.56 202 7.55 0.74 5.6 

Hall 2.9 91.5 33260.94 193 4.49 0.72 3.2 

 2.3 91.5 30350.61 219 0.13 0.39 0.0 

 2.9 91.5 33260.94 193 0.25 0.72 0.2 

Main 4.6 502.1 98694.50 361 2.5 0.75 21.8 

Total - 502.1 - - - - 62.5 

 

 

 

Table 37  Supply Air from AHU to VAV 
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Section Velocity 

(𝑚/𝑠) 

Cooling 

Airflow 

(L/s) 

Reynolds 

Number 

Equivalent 

Diameter 

(mm) 

Length 

(m) 

Friction 

(Pa/m) 

Pressure 

Loss 

(Pa) 

Duct 1 2.1 200.8 48469.51 350 0.46 0.16 2.3 

Duct 2 3.4 200.8 62140.40 273 0.06 0.55 7.0 

Duct 3 4.1 200.8 67857.31 250 0.65 0.85 7.9 

Total - 200.8 - - - - 17.2 

 

 

Table 38  Return Air Ductwork Branches 

Space Velocity 

(𝑚/𝑠) 

Cooling 

Airflow 

(L/s) 

Reynolds 

Number 

Diameter 

(mm) 

Length 

(m) 

Friction 

(Pa/m) 

Pressure 

Loss 

(Pa) 

Bedroom 1 2.4 35.8 22072.40 137 2.75 0.69 1.9 

Bedroom 2 2.2 20.7 15996.93 109 10.26 0.77 8.1 

Bedroom 3 2.3 27.2 18831.96 122 5.13 0.74 3.8 

Bedroom 4 2.4 22.2 17156.13 109 9.81 0.88 8.6 

Bedroom 5 2.7 31.5 21809.10 122 12.39 0.97 12.0 

Living 

Room 

3.2 90.2 40099.54 190 7.82 0.75 5.9 

Hall 3.1 91.5 40045.18 193 5.23 0.71 1.9 

 0.9 91.5 21409.20 361 0.54 0.03 0.0 

 3.1 91.5 40045.18 193 2.66 0.71 1.9 

Main 4.9 502.1 117481.50 361 6.46 0.75 4.9 

Total - 502.1 - - - - 49.0 
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Figure 58  Ductwork of HVAC System Scheme 
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Figure 59  Ductwork of HVAC System 3D View 

Supply air duct itself has automatic damper on each branch. It could regulate the 

airflow amount into the room based on thermostat controllers which are located in the every 

conditioned room. All these distributed controls are connected to the sensor and will ignite 

A/C based on signal received. 

 

Figure 60  Automatic damper (yellow) in air supply duct 
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3.3.1 Plumbing, Water Heating & Sprinkler Systems  

The water heating system is inseparable with plumbing system. In this design the 

sprinkler system is included as part of the fire fighter system (security system). Water system 

has two flows, they are cool water which is can be obtained either from national water com-

pany or ground water, and the second one is hot water that gain the heat from heat waste of 

the heat pump and solar heater panel.  

 

 

Figure 61  Plumbing and Sprinkle Systems 

 

According to ASHRAE 2011 Handbook-HVAC Applications the minimum resi-

dential water heater capacity for house with 5 bedrooms and 3 bathrooms is 190 L, this house 

is using 380 L with the water’s temperature target is maximum 40°C. The consumption of 

hot water in this house mainly for the showers, but the pipe also connected to the washing 

machine and all washbasins in the three bathrooms and kitchen. Table 33 shown the repre-

sentative hot temperature based on ASHRAE. 
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Table 39  Representative Hot Water Temperature[21] 

 

 

The domestic water heating system harness passive heat from both heat sources, at 

day time the solar panel collect the sun energy and give the heat meanwhile during the 

night heat pump give the heat waste into the tank. Solar panel use the principal of thermo-

siphon30, so it does not need a pump to distribute the hot water into the tank.  

  

 

Figure 62  Heat pump, Water Tank and Water Solar Heater Placed above Garage 

                                                 

30  Physical effect and refers to a method of passive heat exchange based on natural convection, which circulates 

a fluid without the necessity of a mechanical pump 
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Plumbing system built with main pipe connection placed 1 m underground with 

slope variation start from front bathroom until septic tank. The main pipe connect all the 

bathrooms and kitchen’s ditch. Final waste disposal will end up in a septic tank with capac-

ity 7633 L which is buried 3 m below the ground at the backyard.  

Sprinkler system as the part of security system in the house only use cold water 

from the ground water. The system only work based on fire detector that placed at the cel-

ling. In case of wildfire, the detector send the signal to main control and then turn on the 

water pump immediately. The fire alarm is set up to active at 85°C.  

The sprinklers’ head placed in all rooms except bathrooms. The water pump is us-

ing electrical energy and must be in steady status (connected into electricity) for precau-

tion. The main purpose of system to mitigate and have first aid in fire case before the fire-

fighter come, because of the limitation of water source and the device. Specification of wa-

ter pump being used in the system is 450W and 1760 RPM (type 3.6 LPS-0.9 m head).  

 

3.3.2 Electrical Installation & Artificial Lighting Systems  

Common residential house in Indonesia using utility grid with 220 V single phase 2 

wire. For power supply source which provide from national electrical grid could be vary 

based on the price per kWh between 1300VA, 2200VA, 3500VA -5500VA, and more than 

6600VA. In this model, the house is using 6600VA from utility grid and 1100VA from the 

photovoltaic panel, therefore the total available power is 7700W (35A).  
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Figure 63  Receptacle Circuit Installation 

 

All the receptacles installation directly connected with electrical panel board, this 

wiring system not passing through the control cabinet. The purpose is to separate between 

the scheduled load of the house consumption (i.e. air conditioner system, lighting, security, 

and water system) and any other appliances (i.e. TV, blender, PC, toaster, kitchen appliances, 

etc.). 

Artificial lightings specifications for each bathroom contains two lamps, they are 

ceiling lamp (type LED, 20W apparent load, intensity 2398 lm) and wall lamp (type LED, 

15W apparent load, intensity 25000 lm).  In each bedroom contains 2 lamps, they are ceiling 

lamp (type LED, 15W apparent load, intensity 2398 lm) and table lamp (type fluorescent, 

60W apparent load, intensity 14.25 lm).  
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Figure 64  Bathroom with light sensor inside 

 

Kitchen area has three ceiling lamps with same specifications as bathroom’s ceiling 

lamp and one wall lamp as well. The living room has four ceiling lamps with same specifi-

cations as in bedroom’s ceiling lamp specification and one chandelier lamp (type fluorescent, 

75W apparent load, intensity 1800 lm). Hall area contains eleven ceiling lamps same as 

bathroom’s ceiling lamp specifications two wall lamps (same spec with bathrooms’ wall 

lamp), and one chandelier lamp (type LED, 100W apparent load, intensity 2400 lm). Patio 

area has three garden lamps (type LED, 10W apparent load, intensity 1500 lm). At the ter-

race, there is a coach lamp same specification as garden lamp. 
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Figure 65  Lighting Inside House at Night 

 

Table 40   Electrical Load per Area 

Area Receptacle Load (W) Lighting Load(W) Other Loads (W) 

Hall 3 x 7700 350 1506 

Bathroom 1 7700 35 66 

Bathroom 2 7700 35 51 

Bathroom 3 2 x 7700 35 84 

Bedroom 1 2 x 7700 75 200 

Bedroom 2 2 x 7700 75 400 

Bedroom 3 2 x 7700 75 153 

Bedroom 4 2 x 7700 75 500 

Bedroom 5 2 x 7700 75 100 

Living Room 7700 135 50 

Kitchen 3 x 7700 75 340 

Patio 1 x 7700 30 N/A 
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Ultrasonic sensors (24 V DC load, with major and minor motion capability 92 𝑚2 

range) are located at all area inside the house except all bedrooms, the sensors’ function are 

replace switch lamp based on the human’s presence. It integrated to the decentralization 

control in each area where it placed and connected to the main control cabinet as integrated 

system with other devices system that used regularly scheduled (i.e. HVAC system and water 

system).  

All bedrooms has decentralization control as well, but the sensor not placed in these 

areas to give the occupants more privilege to manage their own comfortable by semi-auto-

matically from the local control in the room.  

  

 

Figure 66  Ultrasonic Sensor Location inside House 

 

Using the energy simulation analysis software from Revit MEP 2015 (Green Build-

ing Studio), the electric demand each month in a year found the highest peak in the middle 

of March and mid of June around 7.1 kW as shown in the figure 66.  
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Figure 67  Simulation Electricity Monthly Peak Demand  

 

The monthly electricity consumption simulation for year 2015 shown that the highest 

consumption are in May and July around 3300 kWh, meanwhile the lowest is in February. 

This data related to the weather condition in Indonesia in 2015, which May and July are the 

highest average temperature during the year, hence the active cooling is needed longer and 

more than the other months. 

  

Figure 68  Simulation Electricity Monthly Consumption 
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 In the house location, utilization of the sunlight effectively from 9 am to 3 pm. 

Hence, positioning of the photovoltaic panels located at the east and west rooftop with 30° 

angle.   

 

Figure 69  Mount Roof PV Panel  

 

 

Figure 70  Electric panel and Control cabinet located inside garage 
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The electrical panel connected to power meter from utility grid and DC to AC in-

verter as PV panel source, since the loads in the system are all AC. The output would supply 

control cabinet before reach the load. Battery 12 V 100 AH is used with backup capability. 

 

Figure 71  PV Grid-Connected Systems Scheme 

 

 

 

Figure 72  Power meter and DC to AC inverter  
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3.3.3  Security Systems  

The house using alarm system at the main gate, sprinkle system as fire protection, 

CCTV (IPTV) and motion sensor to avoid unwanted intruder, but for advance execution it 

should be done manually. Advance execution means the owner must call the police or the 

fire fighter in case of worst thing happen because the emergency call in Indonesia does not 

have integration communication to the residential single family house. For now it is only 

possible for the public building or apartment. 

There are six video cameras surveillance located outside the building, all the video 

records are keep in local disk storage (server), but it is optionally to connect into net server 

real time monitoring by subscribes into some cloud server hosting that available on the in-

ternet, so the subscriber can monitor their home situation while out of the house from gadget 

that connected to internet.     

 

 

Figure 73  CCTV reachable area top view 
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Figure 74  The view of patio when sensor activated at night 

 

3.3.4 Communication & Control Systems  

The communication for building automation system used by distribution mini con-

trol in each room which contains of lighting (except in all bedrooms), cooling (HVAC), hot 

water system, electrical power metering and IP-CCTV (security), fire alarm system. 

 

 

Figure 75  HVAC Control System Scheme 

 

For the building management system (BMS) based on BACnet ASHRAE/ANSI 

standard communication protocol for building automation applied to this house. 
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Figure 76  HVAC Control System Scheme 

 

 

 
Figure 77   The Communication Devices (Router) Inside House  

 

3.3.5 Photovoltaic Panel Utilization 

The use of PV panels in this project are for electricity supply and heating the do-

mestic water systems. Different panels are used of those purpose, as solar collector for water 

heating only one panel, meanwhile for electricity purpose uses two panels which are roof 

mounted at the east and west part of the house. 
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Indonesia has 4.8 kWh/𝑚2 /day solar energy, it is equals to 112000 GW. Specifica-

tion of PV panel as electricity supply is Single Crystalline with efficiency 13.8%  (102745.6 

kWh/year), and the yearly estimation for the roof mounted PV panel shown below;  

 

Table 41  PV System Energy Estimation per Annum using Green Building Studio 

Analysis 

 

 To determine the PV panel location depends on the orientation of the house in 

global position with cast shadows appearance based on time in the morning, noon, and af-

ternoon as respectively shown in figure 56, 57, and 58: 

 

Figure 78  Sun Position at 9 am local time, April 19 2015 
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Figure 79  Sun Position at 12 pm local time, April 19 2015 

 

Figure 80 Sun Position at 3 pm local time, April 19 2015 
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3.3.6 Economic Evaluation 

Based on electric tariff adjustment categories issued by PLN (Perusahaan Listrik 

Negara), national electric company per June 2015, this house belongs to R-3/TR (residential 

category, more than 6600 W), that is 1524 IDR/kWh or equals to €0.09/kWh. It still subsi-

dize by the Indonesian government.  

 

Table 42  Electric Tariff in Indonesian Rupiah before Adjustment June 2015 

 

The subsidies are calculated from negative difference between the selling prices 

of electricity on average (IDR/kWh) of each tariff group minus the basic cost of electricity 

production (IDR/kWh) on the voltage at each tariff group multiplied by sales volume 

(kWh) for each tariff group.  

Photovoltaic panel economic calculations start with the initial cost of the PV 

panel for 1100 W is €5 x 1100 = €5500 with annual return is €275.  The payback period is 

within 20 years, hence the installation of PV panels are still not profitable in this project in 

the current years. The other consideration is low tariff of utility grid because the subsidy 

from national government. In the future the PV price will become decrease in conjunction 

with government’s policy to withdraw the subsidy gradually.    

 

 

Figure 81 Payback Period Calculation using Green Building Studio 
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CONCLUSION 

This thesis mostly have done with BIM software, Revit MEP 2015 include design and cal-

culation, due to the main purpose of the development BIM is in 3D mode, not many plan 

view scheme can be shown in the thesis. 

Designing the automation systems in the residential single family house has more flexibility 

than the other type of building, because it depends on the owner how complex or simple 

he/she wants the house being automated. More than that, the time schedule of the system 

activated will be highly vary, it could not be rigid since many different activities from dif-

ferent ages done in a house. This situation rise the challenge for the designer for always 

being creative to improve his/her skills and ideas in order to satisfy the owner’s demand and 

expectation.  

Advanced building automation system, a more or less get along with the building manage-

ment system. The benefits of management control are relate to maintain cost and evaluation 

of the system from time to time due to optimization and economic value. Distributed controls 

are needed in each space of the house which are passed by the system to get more detail 

monitoring information. All the distribution controls possible to communicate through the 

main control panel. Leaking process could be minimized so the system function keep work 

properly and the house has longer sustainability. 

Overall result of the thesis should can be applied and contributed in Indonesia near future 

for new residential building as one of the reference or as the second opinion towards the 

national government’s program about saving energy in building.   
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