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ABSTRACT

Taiwan's goal is to achieve 'Net Zero Carbon Emissions' in all new buildings by
2050, with over 85% of existing buildings meeting this standard. However, 
energy efficiency loses significance if the indoor environment fails to meet human 
comfort and health standards. This discrepancy might prompt occupants to 
resort to alternative heating or cooling methods, potentially increasing energy 
consumption beyond conventional buildings.

Sustainable building strategies in Taiwan, especially in its subtropical climate, 
heavily lean towards natural ventilation. Emphasizing thermal comfort and 
energy efficiency, these strategies prioritize heat dissipation, dehumidification, 
and cooling. They often rely on non-mechanical systems like sun shading and 
natural air convection through openings. In contrast, Passive house principles 
focus on constructing airtight, thermally insulated buildings without thermal 
bridges.

Nevertheless, challenges posed by urban environments, including uncontrolled 
temperature, humidity, pressure differences, air pollution, insects, and the urban 
heat island effect, question the suitability of natural ventilation in Taiwan's 
context.

Since 2010, Passive House, offering controllable indoor comfort, has gradually 
found its way into subtropical regions like Taiwan. It aims to provide comfortable 
indoor conditions with minimal heating and cooling loads by integrating 
structural design and building systems.

This master's thesis endeavors to design a library using Passive house strategies 
and compare its performance with buildings relying on natural ventilation. The 
research begins by studying the Beitou Library, renowned for its low-energy 
consumption via natural ventilation and receiving the highest evaluation index 
for sustainable building design in Taiwan.

The thesis will propose a design for a Passive House library and compare its 
daylighting and energy performance with the existing Beitou Library. To ensure 
an unbiased comparison, the thesis site mirrors that of the Beitou Library, and 
the spatial requirements of the original library are considered. By delving into the 
redesign of a library, this thesis aims to evaluate the feasibility and applicability 
of Passive House principles in Taiwan's architectural landscape.

Keywords:
Passive house, Community Library, Human Comfort"
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A.
INTRODUCTION

Taiwan aims to achieve 'Net Zero Carbon Emissions' for all new buildings by 
2050, with over 85% of existing buildings complying with this standard. However, 
the efficacy of energy-efficient buildings hinges on maintaining human comfort. 
Otherwise, occupants may resort to additional heating or cooling methods, 
significantly impacting spatial experience and potentially leading to higher 
energy consumption than conventional buildings.
 
This master's thesis centers on prioritizing human comfort and energy efficiency 
by employing Passive house principles and daylight simulation tools in designing 
an urban library in Taiwan's subtropical environment. Passive house focuses on 
providing comfortable indoor conditions with minimal heating and cooling loads 
through structural coordination and efficient facilities. Currently, sustainable 
building design in Taiwan predominantly revolves around natural ventilation, 
emphasizing thermal comfort and reducing HVAC energy consumption. 
 
Strategies prioritize heat dissipation, dehumidification, and cooling, relying 
largely on non-mechanical systems like sun shading and air convection through 
openings. Conversely, Passive house aims for airtight, thermally insulated 
structures to minimize mechanical ventilation and reduce energy consumption. 
However, natural ventilation's limitations in Taiwan's urban context have been 
evident.
 
In winter, when temperatures drop to 16°C with over 80% relative humidity, 
users close windows to insulate the indoor space and resort to mechanical 
systems, causing heat loss due to inadequate thermal bridging-free design.
 
During summer, temperatures exceeding 35°C and over 75% relative humidity, 
compounded by the urban heat island effect and density, hinder efficient 
airflow for ideal air convection. Additionally, pollutants (such as PM2.5) and 

Background and purpose

Section A

flying insects pose challenges unaddressed by natural ventilation. In spring, 
the introduction of high-temperature, high-humidity air into the cooler indoor 
spaces result in indoor condensation due to thermal differences.
 
Considering these challenges, how does Passive house offer a controllable 
indoor comfort?
 
Since 2010, Passive house have gradually emerged in subtropical areas like 
Taiwan. Aimed at reducing building energy consumption, Passive house, with 
its thermal bridge-free and insulation designs offer a controlled indoor climate, 
potentially presenting a viable solution for Taiwan's environment compared to 
natural ventilation through building openings. 
 
This master's thesis intends to propose a new library design using Passive house 
strategies and conduct a comparative analysis of building performance with the 
existing Beitou Library, known for its natural ventilation design and recognition 
as a sustainable building in Taiwan. Through the result, to propose a Passive 
house library to test and evaluate whether the Passive house strategy is able to 
adapt to Taiwan's environment and climate and the challenges.
 
For the comparison, the site of this thesis is chosen on the same location as 
the existing Beitou Library in Beitou, Taipei, to objectively evaluate energy and 
indoor climate performance in identical conditions. The spatial requirements of 
the Beitou Library also serve as the requirement for this thesis.
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Aim

Section A

Research questions

• How passive house strategies and 
tools could support energy-efficient 
building design in the hot and humid 
climate.

• What are the benefits or drawbacks 
of using passive strategies compared 
to natural ventilation design.

Delimitations

• For the objective comparison of the 
passive house library and the existing 
library under the same conditions, the 
site, and the space requirements are 
taken from the existing library.
  
• In addition to the architectural 
design, this thesis will focus on the 
evaluation of daylighting, building 
envelope and energy consumption of 
use phase in LCA.

• By using an existing library (natural ventilation building) as a reference, this 
thesis aims to design a library with both effective daylighting and fulfilling 
passive house standard for human comfort and low energy consumption. Then, 
propose a comparison in terms of building performance with the existing library.

Meanwhile, we propose the adaptability of passive housing in the Taiwanese 
environment.

Methods

1. Case study of an existing library 
designed with natural ventilation 

-Basic information
-Statistics of building performance
-A Summary of the data
-Feedback from users’ experience

2.  Site analysis

-Location
-Climate
-Local context

3.  Design development

-Schematic design
-Detail Design

5.  Final design proposal

-Floor plans
-Project emblematic image/drawing
-Detail drawings
-Isometric drawings

4.  PHPP and Daylight simulation
Model Testing and adjusting

-Try different variation of opening, 
shading and the U value of the 
building envelope for the best 
balance of daylighting and energy 
consumption.

-Technical reports.

6.  Conclution and reflection

-Comparison with the existing
Beitou library in terms of building 
performance.

-Discussion of the adaptation of 
-Passive house in Taiwan’s climate
and social context.
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B.
INVESTIGATION

Passive houses is a building for energy efficiency, comfort and affordability, 
and it allow for space heating and cooling related energy savings of up to 90% 
compared with typical building stock and over 75% compared to average new 
builds. 

In this master’s thesis, Design proposal is developed by taking Passive house 
strategy and daylight simulation into account to achieve the high quality of 
thermal comfort and daylighting whinin a efficent energy consumption.

1. Passive house

Simulation Aided Design

Section B-1

High indoor air quality

With

Good thermal comfort Lower carbon emissions

Lower cost for heating 
and cooling

Space Heating Demand not to exceed 15kWh annually OR 10W (peak 
demand) per square metre of usable living space

Space Cooling Demand roughly matches the heat demand with an additional, 
climate-dependent allowance for dehumidification

Renewable Primary Energy 
(PER)

the total energy to be used for all domestic 
applications (heating, hot water and domestic 
electricity) must not exceed 60 kWh per square 
meter of treated floor area per year for Passive 
house Classic.

Airtightness maximum of 0.6 air changes per hour at 50 Pascals 
pressure (as verified with an onsite pressure test in 
both pressurised and depressurised states).

Thermal Comfort Thermal comfort must be met for all living areas 
year-round with not more than 10% of the hours in 
any given year over 25°C.

Criterias of Passive house Classic

How Passive house be applied to different climate

Strength of Passive house

Minimizing the interference from outside to achieve:

B-1. Introduction of design 
assistance tools 

Passive house is more of a methodology or approach than a fixed building style. 
It's designed to be adaptable, considering the specific country and climate 
where it is implemented.

While the objectives of Passive House remain consistent across all climates and 
countries, the methods used can be tailored to suit the specific environmental 
conditions. The fundamental principles and physical equations remain constant; 
however, the variables, or boundary conditions, differ based on the climate. 

Consequently, the Passive House design approach can be flexibly applied to 
various circumstances to determine the most suitable solutions for a specific 
country and its climate.

Fig. 01
Mindmap of the design process
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Thermal insulation
All opaque building components of the exterior envelope of the house must be
very well-insulated. 

Passive house windows
The window frames must be well insulated and fitted with low-e glazings filled 
with argon or krypton to prevent heat transfer.

Ventilation heat recovery
Efficient heat recovery ventilation is key, allowing for a good indoor air quality 
and saving energy. In Passive house, at least 75% of the heat from the exhaust 
air is transferred to the fresh air again by means of a heat exchanger.

Airtightness of the building
Uncontrolled leakage through gaps must be smaller than 0.6 of the total house
volume per hour during a pressure test at 50 Pascal (both pressurised and 
depressurised).

Absence of thermal bridges
All edges, corners, connections and penetrations must be planned and executed
with great care, so that thermal bridges can be avoided. Thermal bridges which
cannot be avoided must be minimised as far as possible.

Fig. 02
Image of Passive house principles

Fig. 03
Icons of Passive house tools

5 Passive house principles Tool: DesignPH & Passive House Planning Package (PHPP)

• DesignPH is the 3D modelling tool for the PHPP, it is a plugin for SketchUp. 
Firstly it will simplify the process of entering data into PHPP and secondly it will 
provide preliminary feedback on the performance of the design within SketchUp.
 
• PHPP contains everything necessary for designing a properly functioning 
Passive house. The PHPP prepares an energy balance and calculates the annual 
energy demand of the building based on the user input relating to the building’s 
characteristics.
It is a Excel based energy calculation tool. Mainly, it provides results for the 
following:

- Heating demand per year [kWh/(m²a)] and maximum heating load [W/m²]

- Cooling demand per year [kWh/(m²a)] and maximum cooling load [W/m²]
(in case of active cooling)

- Summer comfort in case of passive cooling: frequency of overheating [%]

- Demand for renewable primary energy (PER) per year and primary energy 
demand (PE) of all energy services in the entire building [kWh/(m²a)]

- Assessment of the annual renewable energy gains [kWh/(m² ground area)]
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Case study-Beitou Library

Section B-2

Fig. 06
Image of Beitou library

- Project Name: Taipei Public Library Beitou Branch
- Location: Taipei, Taiwan
- Architect Office: Bio architecture Formosana
- Completion Year: 2003 
- Site Area: 34797.94 m²
- Building area: 802.87 m²
- Total floor area: 1963 m²
- Structure: SC, RC, Timber structure
- Floors: B1F, GF, 1F

Fig. 07
Image of Beitou library

Fig. 08
architectural program of Beitou library

To facilitate the comparison between Passive houses and buildings relying on 
natural ventilation, this chapter centers on analyzing the existing Beitou Library. 
The examination involves scrutinizing indoor thermal comfort and energy 
consumption monitoring data alongside user feedback. These data sets will 
serve as the benchmark and reference for comparing against the Passive house 
proposal in this master's thesis.

The Beitou Library, designed with a natural ventilation approach, is a noteworthy 
project in sustainable building design in Taiwan. This project garnered the 
highest accolade in Taiwan's sustainable building design evaluation index.

B-2. Case study of the exist-
ing project

Architectural program Area Footprint(m2) Description(m2)
Entrance 60
Reciption 60
Information Search 100

180(Shelves area)
180(Reading area for 70 people)
150(Shelves area)
150(Reading area for 50 people)
150(Shelves area)
150(Reading area for 60 people)

Café 100 40 people
Multifunction Room 100 65 people

Staff Offices 80
Storage 50

Total 1510

Toilets 30%
Garbage room
Circulation

Total 1963 Capacity: 300 people

Entry hall

Reading area

Administrative Area

Others

Open-shelf area 360

300

300

Children’s Area

Periodicals 
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Beitou Library-Energy demand during a year

Section B-2

Based on the monitoring report (Enertek Sustainable Design & Technology, 
2008), the air conditioning (AC) system in the Beitou Library is primarily 
operational from April to October, aimed at maintaining the indoor 
temperature within the range of 28 ± 2°C. For the remaining months, it 
operates in "fan" mode, implying reduced or minimal cooling requirements.

However, it's essential to note that despite the target indoor temperature 
being set at 28°C rather than the Passive house standard of 25°C, the 
annual Space Cooling Energy Demand is reported as 43.83 kWh/m²a. This 
energy demand exceeds the Passive house requirement, which specifies 
that it should not exceed 15 kWh/m²a, without even considering the energy 
consumed for dehumidification purposes.

Cooling Demand

43.83 kWh/m2a

EUI

102.59 kWh/m2a

percentage of 
monthly electricity 

consumption

amount of 
monthly electricity 
consumption(kWh)

amount of monthly 
Cooling Energy 
Demand (kWh)

Aug 2007 69% 37160 25640.4
Sep 2007 65% 30480 19812
Oct 2007 44% 23360 10278.4
Nov 2007 4% 14200 568
Dec 2007 2% 10000 200
Jan 2008 1% 10520 105.2
Feb 2008 2% 9800 196
Mar 2008 1% 9680 96.8
Apr 2008 22% 9560 2103.2

May 2008 21% 12120 2545.2
Jun 2008 64% 13440 8601.6
Jul 2008 70% 25280 17696

Total 205600 87842.8

Floor area(m2) 2004
Cooling demand per year (kWh/m²a) 43.83
Energy Use Intensity (EUI) (kWh/m²a) 102.59

Fig. 09
Sheet of Energy demand (Monthly)

Fig. 10
Energy demand of the year
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Beitou Library-Monitoring report of thermal comfort

Section B-2

Indoor Temp: 
15-25°C 

RH: 50%-75%

Summer
(May-Oct) 
with AC

Winter
(Nov-Apr) 

without AC

Temp of B1F Temp of 1F Temp of 2F

RH of B1F RH of 1F RH of 2F

Temp of B1F Temp of 1F Temp of 2F

RH of B1F RH of 1F RH of 2F

Fig. 13
Indoor Temperature of 
February 2008

Fig. 14
Indoor Relative Humidity 
of February 2008

Fig. 12
Indoor Relative Humidity 
of September 2007

Fig. 11
Indoor Temperature of 
September 2007

Indoor Temp: 
28 ± 2 °C

RH: 60%-75%

Temperature: 
Not more than 10 % of the hours in 
a given year over 25 °C. 
Summer: < 25°C
Winter: > 20°C 

Relative Humidity:
Must not exceed 12g/kg for more 
than 20% of the year (~60%RH at 
25°C).

Based on the monitoring report, 
the air conditioning (AC) system is 
actively used from May to October 
to maintain the indoor temperature 
within the range of 28 ± 2°C.

In accordance with Passive house 
standards, indoor temperature 
requirements dictate that all living 
areas must maintain temperatures 
below 25°C for not more than 10% 
of the hours in a given year. Thus, 
in terms of achieving a consistently 
comfortable indoor climate, 
the natural ventilation strategy 
implemented in the Beitou library 
falls short.

The provided table demonstrates 
significant fluctuations in 
temperature and humidity during 
February, likely due to the use of 
open windows for natural ventilation. 
This fluctuation underscores the 
unstable and uncontrollable nature 
of indoor thermal comfort during 
periods when active conditioning is 
not in use.

Requirement of Passive house
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Conclusion(design goals that extracted from reports)Beitou Library-Feedback from users

Section B-2

•  Low energy consumption 
with controllable indoor 
climate. 

The goal of low energy consumption 
should not be achieved by 
compromising human comfort.

•  A balance between 
daylighting and solar gain. 

To achieve the median daylight factor 
in between 2% and 4.5% in the main 
areas.

•  A communal space for 
the local residents in daily 
routine.

The public area and reading area play 
a main role in the community library.  
It is not only a simple library but also a 
communal space for the residents to 
spend time and enjoy the view from 
here.

•  Flexible zonings for 
different use.

The flexibility of the zones can be 
adapted to different needs. To be 
able to distinguish zones for readers 
and visitors, zones open for weekday 
and weekend.

- Staffs

• Poor ventilation.
• Because of the humidity, the eletricity consumption of dehumidifier is a 
problem.
• the spaces lack of flexibility, it’s hard to adapt different use.

- Readers

• Open shelf area is too close to the children area and main hallway, readers 
are disturbed easily.
• indoor temperature is not cool enough.
• When windows are opend, the air from outside is often not only too humid, 
but also not convecting, furthermore, there are too many mosquito outdoor.
• Not enough daylighting in the indoor space.
• The terraces are good places to stay, and it will be better if it was wider.

The findings from the reports on the existing library will be taken into account
in the design process for this thesis.

While this thesis aims to present a distinct and original project rather than 
enhancing the existing library, the reports on the current library serve as 
valuable references. They provide insights into the social context and 
the site's specific requirements and usage patterns. These insights will 
significantly inform the proposed design, ensuring it responds to the needs 
identified through the existing library's data and observations.
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Site location and Environvent issue during a year

Section C

C.
SITE ANALYSIS

Right - Fig. 17
Image of flying insects

Right - Fig. 19
Image of condensation on inside of walls

Left - Fig. 16
Image of smog with PM2.5

Left - Fig. 18
Image of urban heat island effect in Taipei (2019)

+

The selected site for comparison is situated in the Beitou district of Taipei City, 
Taiwan, the same location as the existing Beitou library. In this urban setting, 
various uncontrollable environmental factors such as temperature, humidity, 
wind (pressure differences), air pollution, insects, and the urban heat island effect 
greatly influence natural ventilation performance. Over a year, observations 
reveal specific challenges with this ventilation approach:

During winter, indoor temperatures are around 16°C, and relative humidity is 
over 80%, necessitating the closure of windows to prevent cold outdoor air 
from entering. Consequently, mechanical systems exchange the air and warm 
the indoor space. However, the lack of consideration for thermal bridging in 
building envelopes contributes to significant heat loss, compromising energy 
efficiency.

In summer, temperatures soaring above 35°C and relative humidity exceeding 
75% pose challenges due to the urban heat island effect and dense urbanization, 
hindering effective airflow for ideal air convection. Additionally, issues arise 
with pollutants, notably PM2.5, and flying insects, which cannot be adequately 
managed through natural ventilation.

In spring, the introduction of high-temperature and humidity air into indoor 
spaces with lower temperatures often lead to condensation issues within the 
indoor environment.

Fig. 15
Location of the site

Copyright © Free Vector Maps.com

+
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Fig. 24
Images of the site 

01 05 03 07

02 06 04 08

Situated in the northernmost district of Taipei City, Taiwan, the Beitou library 
site is nestled within the Beitou Hot Spring Park, adjacent to a hot spring creek 
originating from the Beitou Thermal Valley. The area's unique geographical the 
layout is flanked by concave valleys, with towering slopes rising to at least 20 
meters on both the northern and southern sides.

The historical significance of this location dates back to the Japanese 
occupation period (1895-1945) when it was developed as a hot spring area. 
This heritage has continued to shape the area, establishing it as a prominent 
destination for hot spring enthusiasts in northern Taiwan. Notably, the site's 
eastern side houses a preserved former public bathhouse, currently serving as 
the Beitou Hot Springs Museum, a testament to its historical significance.

Accessibility is a key feature of the site, with the metro station just a 5-minute 
walk to the west, offering convenient transportation. Moreover, it takes 
approximately an hour by metro from the center of Taipei City. The primary 
flow of traffic and visitors is predominantly from the west side of the site, 
contributing to its accessibility and connectivity to the broader Taipei area.

01

02

03
05

08

04

07

06

Xinbeitou Metro station Hot Spring museum 
(Heritage of public bathhouse)

Hot Spring creek Hot Spring Bath

SITE

Site

Fig. 23
Site analysis




























































































