
Does the air-conditioning need patience to a worker in a room in summer? 
                                       

 
Yasuto NAKAMURA 

 
Synopsis: Air-conditioned office room temperature in summer has been kept suitable for a worker from the physiological view point. 
Recently the temperature is set to higher value 28 degree centigrade from the view point of the global energy conservation. At first, 
the paper discussed energy conservation by taking clothing, Cool Biz. But it could not answer the subject. In such a case patience 
was needed to the worker. The next, adaptation to heat in summer was studied. The term of heat adaptation was separated to five 
intervals. Among the number three and four intervals patience of the worker disappeared.       
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Fig.2  Data of sweat rate by subject A 
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Fig. 4 Transition of subjective response by subject A 
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Table 2  Heat adaptation obtained by an average of five males
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はじめに

本建物は，大阪ガス株式会社の新しい情報発信拠点と

して 2015 年 1 月に開業した。環境負荷を抑えデザイン

的にも優れた建物を計画すると同時に，個別分散電源で

あるガスコージェネレーションを基幹設備として，敷地

周辺建物と電力や熱の融通を行うエネルギーネットワー

クの構築を行う計画である。

１．立地計画

複数のショールームを集約し一体的な情報発信活動を

行うための施設として計画された。本建物が立地するの

は，ドーム球場，事務所・プラントビル，ショッピング

センター，ホームセンターといった大規模施設を対象と

した熱供給事業地区である。また，同地区は 2012 年に要

件緩和された特定電気事業の認可を受け，大阪ガス泉北

発電所等で発電した電力を利用して2013年7月から地区

内の 3 棟の建物に電力供給が開始されている。

２．施設のコンセプト

ガスを利用する生活者に対して，「食と住まい」「エネ

ルギー」に関する情報発信することを目的に，建物内に

実物大のスマートハウス，料理教室，料理人による調理

実演が可能なホール，最新でトップランナーのあらゆる

厨房機器などを備えた新しい情報発信拠点として計画さ

れた。また，業務用のガス利用者に対しては，ガスを利

用した省エネルギー・省ＣＯ2 や安全・安心を訴求する

ための機器を建物設備として設置し，実運用されている。

建築物としては，エネルギー事業者としての先進性や

集客施設としての賑わいを表すと共に，環境負荷の低減

や省エネルギーを体現する意匠と設備技術の一体的な導

入を目指している。

３．建物概要・設備概要

3.1 建物概要

用 途 ：集会所（展示施設）

地域地区：商業地域

敷地面積：3,867 ㎡

建築面積：2,966 ㎡

延床面積：10,149 ㎡

構造・階数：鉄骨造・地上 5 階

3.2 設備概要

給水設備：受水槽＋加圧給水ポンプ

排水設備：汚水・雑排水合流方式

雨水処理設備による雑用水利用

給湯設備：個別ガス方式/中央循環方式

ガス設備：中圧ガス引込，防災認定導管

消火設備：スプリンクラー設備（一部放水型），

ガス消火設備，連結送水管設備

熱源設備：排熱投入型吸収式冷温水機 300RT×4 台

空調設備：外調機＋ファンコイル

（冷水温水 4 管式・冷水 2 管式）

換気設備：1 種換気，厨房排気

排煙設備：機械排煙方式

受変電設備：高圧トランス 本線/予備線 2 系統

空調熱源設備は，地域熱供給会社のサブプラントの位

置付けで，建物内機械室に排熱投入型吸収式冷温水機（ジ

ェネリンク）が複数台設置される。この熱源設備からは，

隣接するホームセンターへも冷水供給と排温水受入れを

行う計画である。

４．省CO2技術のコンセプト

本建物では，省CO2 技術として 3 つのコンセプトを掲

げ計画を行った。

4.1 Eco Integrated Design(意匠計画と環境計画の統

合)

建物のアクセス経路に当たる北・東面は，外部から展

示施設内部の賑わいや活動が外部へ発信できるようガラ

スカーテンウォールとしている。カーテンウォール部は
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吹抜けとなっており，北面からの自然採光を利用して照

明エネルギーの削減を図っている。また複層ガラスとし

て断熱性を高めている。東面は，地場産木材を利用した

木質外装パネルと壁面緑化により親自然を表現し，北面

には金属外装パネルを配し先進性を表す外観としている。

この金属外装パネルと ALC 外壁の間に，室内からの排

気を吹込むことで断熱空気層を形成し，外壁負荷の削減

を図る試みを採用している。南面は展示用設備を設置す

る設備バルコニーやトイレ，DS・PS といったユーティ

リティ，階段室などのコア部分により空調負荷を抑制す

る配置としており，建物全体として意匠計画と環境計画

の統合（Eco Integrated Design）を図っている。

更に，屋上緑化（水田）による空調負荷の削減，吹抜

け部分の杭採熱による地中熱利用空調，雨水のトイレ洗

浄水再利用，LED 照明の大幅採用など，様々な省エネル

ギー手法を取り入れ，省CO2 技術の普及促進を体現する

施設を目指した。

4.2 電力デマンドレスポンス・電力セキュリティに

対応する省CO2スマートエネルギー設備

＜電力デマンドレポンス制御＞

屋上に自立・分散型電源（ガスコージェネレーション）

を複数台設置し，建物内へ電力供給を行う。発電時に発

生する排熱は空調熱源として有効利用する。また系統電

力からの節電要請時には蓄電池からの放電により，節電

に対応する電力デマンドレスポンス制御を行う。

＜災害等の停電時対応＞

耐震性が高いことを評価（耐震評価）された中圧ガス

管を敷設し，ガスコージェネレーション設備を非常用発

電機兼用とすることで，停電時の防災重要電源を確保し

ている。また，停電時には自立・分散電源として停電対

応自立型マイクロコージェネおよび電源自立型発電機能

付ガスヒートポンプにより，保安電源や最上階ホールの

空調・照明・厨房等の機能維持を図り，来場者への安心・

安全を確保している。

＜再生可能エネルギーとコージェネ排熱を利用した建物

間熱融通＞

屋上のコージェネ発電により生じる排熱は，１階サブ

プラントの排熱投入型吸収式冷温水機で空調用冷水製造

に利用され，ガス消費量の削減を図っている。暖房期に

は熱交換器を介して空調用温水に利用している。建物空

調負荷が少なく冷水・温水として利用しきれない場合は，

地域内熱導管に送水しメインプラントでの有効利用を図

っている。

Figure.1 Building facade and introduction technology

①自然エネルギー利用

・北面からの自然採光

・雨水利用

・太陽光発電パネル

・地中熱利用（杭採熱）

①Eco Integrated Design

・日射負荷を抑制する建物配置

・ウォールダクト（換気する外装）

・壁面緑化

・地場木材を利用した外装

・Low-e複層ガラスの採用

③省ＣＯ2マネジメント

・簡易BEMSによるエネルギーの見える化

・在館者検知による空調、照明制御

②スマートエネルギー設備

・自立分散型コージェネ

・太陽熱集熱パネル

・蓄電池

・電力デマンドレスポンス制御

・排熱融通
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再生可能エネルギーの利用として，屋上に設置した集

熱パネルで集めた太陽熱は，コージェネ発電の排熱と共

に，夏期は排熱投入型吸収式冷温水機に投入し空調熱源

として利用し，中間期～冬期は給湯の予熱に利用して省

CO2 を図っている。余った熱については，コージェネ発

電排熱の余剰分と共に岩崎地区の地域冷暖房プラントに

融通することで有効利用を図る。また，太陽光発電パネ

ルを設置し，発電電力を系統連携により建物内で利用し

ている。実証フィールドとして最先端の固体酸化物形燃

料電池（SOFC）を設置し，高効率分散電源の普及にも取

り組んでいる。

4.3 省 CO2 マネジメントの継続実施と在館者検知に

よる省CO2制御の実証

省 CO2 を目的に導入する総合的な低炭素技術につい

て，簡易BEMS を活用し最適運用や見える化を行ってい

る。簡易BEMS で収集した情報を館内で表示し，来館者

へエネルギーの見える化を図り，リアルタイムの情報を

用いた体験型学習で省エネルギーに対する関心を高める

計画である。在館者の変動が大きいと予想される展示エ

リアに対して，在館者数を検知して換気，空調の省エネ

ルギー制御を行い，省CO2 効果の実証検証を行う予定で

ある。また，BEMS で収集した運用データを基に，省CO2

効果の検証を行い，運用改善など継続的な省CO2 マネジ

メントを実行する予定である。

５．省CO2効果の試算

本建物の様々な環境配慮技術による CO2 排出量の削

減効果の試算は，以下の通りである。

Table.1 スマートエネルギー設備の概要

非常用発電機兼用コージェネレーション

発電容量 210kW

排熱量 403kW

総合効率 90.7％

設置台数 1台

停電対応自立型マイクロコージェネレーション

発電容量 31kW

排熱量 47kW

総合効率 84.0％

設置台数 7台

燃料電池

固体酸化物形（SOFC）

発電容量 3kW

太陽熱集熱パネル

ガラス真空管式

採熱温度 90℃

敷設面積 80㎡

蓄電池

リチウムイオン電池 容量50kWh

電源自立型ＧＨＰ

冷房能力56kW

発電容量 3.0kW（自立運転時）

設置台数 2台

太陽光発電パネル

発電容量 18kW …5種類のパネルの合計値

Figure.2 heating and cooling equipments among buildings
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①エネ建物への取り組み

・屋上緑化（水田），壁面緑化による空調負荷低減効果

・Low-e ガラスによる空調負荷削減効果

・自然採光による省エネルギー効果

・LED 照明器具の採用による省エネルギー効果

・杭を利用した地中熱採熱の空調利用

・雨水利用

・木質パネル利用 ←アルミパネル利用との比較

・ウォールダクト ←排気ファン動力削減分

以上を合計して，28.4t-CO2/年

②エネルギーネットワーク（個別分散発電システムと熱

融通）への取り組み

・コージェネによる発電と排熱利用 149t-CO2/年

・排熱の融通利用 61.8t-CO2/年

・太陽熱集熱 5.9t-CO2/年

③エネルギーマネジメントへの取り組み

・BEMS 導入 43.3t-CO2/年

・在館者検知 4.2t-CO2/年

合計で，292 t-CO2/年の削減を見込んでいる。これは，同

規模の類似建物と比較して約 31％の削減となる。

Figure4 dispersed power and waste heat recovery system
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Figure.3 Solar heating system
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研究施設の熱源改修における計画と運転実績 
Plan and Performance Evaluation on refurbishment of heat source system  
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This Research and Development Facility has been completed as a public technical research center in December in 1995. 

The heat source system was renewed aiming at improvement of the energy saving performance and an operation. This 

paper describes the contents and the result of the performance verification performed in design and operation step. 

 
1. はじめに 
 本研究所「大阪府立産業技術総合研究所」は21世紀へ

向けての新技術の開発や研究交流支援など，より聞かれ

た公共の技術研究所として平成7年12月に竣工した．竣

工後17年が経過し，建築設備機器の耐用年数を迎え，竣

工当初の機能維持及び予防保全の観点から，平成 25 年

11月から平成26年10月の1年間で大規模修繕工事とし

て所内空調設備を改修した． 

 本研究所は，本館棟・第 1～第 6 実験棟・新技術開発

棟・その他から構成されている．本稿では，改修工事完

成後に冷房・暖房運転された本館棟の熱源設備改修計画

の概要と平成26年7月から平成27年1月の運用実績に

ついて報告する． 

 

2. 建物概要と改修の目的 

本館棟は，延べ床面積約21,448ｍ2，地下1階，地上5

階建てで，既存の熱源設備は氷蓄熱システムとガス吸収

式冷温水機で構成されている．熱源設備改修計画は以下

の３点を目的としている． 

1） 省エネルギー性能および環境性能・耐久性向上を

主眼とした計画とする． 

2） 設置後の光熱水費および維持管理費を含めたト

ータルコストの削減を図るものとする． 

3） 竣工後の運転操作および維持管理が容易となる

システムとする． 

3. 改修計画の概要 

改修前後の熱源設備の概要とフローシートを Figure.1
とTable.1 に示す．

研究本館

ACU

FCU

ACU、FCU

ACU、FCU

研究本館
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a) Before                                                  b) After 

Figure.1 Diagram of heat source 
Table.1 Machine List 

a) Before                                                  b) After 

Cooling COP Heating COP

[kW] [-] [kW] [-]

 RB-001/002 1,055 1.09 1,177 0.86 2

 RB-003 176 0.93 247 0.85 1

 RR-004/005 Brine Chiller Unit 186 2.51 － － 2

 HE-004/005 Water-water Heat Exchanger 140 － － － 2

Q'tyNo Name

Gas Absorption Chiller

Heater

 

Cooling COP Heating COP

[kW] [-] [kW] [-]

 RB-001/002
Gas Absorption Chiller

Heater
879 1.32 636 0.88 2

 RR-003
Module type Water-cooled

Chiller
340 4.90 － － 1

Q'tyNo Name

 

RB-001/002 

RB-003 

HE-004/005 
氷蓄熱槽×2基 

RR-004/005 

RB-001/002

RR-004
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本研究所の使用は建設当初に比べると，年間冷房運転

や 24 時間利用は減少しパッケージエアコンによる単独

の空調運転が利用されている．また，実験機器の省電力

化などが進み熱負荷は減少の傾向にある．施設および空

調時間は，毎週月曜日～金曜日の午前9時から午後5時

45 分の平日のみである．冷房期間は6月から9月中旬，

暖房期間は12月から3月中旬であり，3月下旬から6月

と9月下旬から11月までは熱源設備は停止している．こ

のような状況の中で，建物の使用状況は建設当初の設計

コンセプトから大きく変化している．熱源システムにお

いて当初採用されていた氷蓄熱システムはその優位性を

生かせなくなっているため，水冷モジュールチラーによ

る供給方式に更新する計画とした． 

4. 性能検証 

 改修計画の検証は実施設計段階から改修工事完成後 2

年間にわたって実施する．性能検証には国土交通省大臣

官房官庁営繕部より公開されている「公共建築物におけ

るライフサイクルエネルギーマネジメント（LCEM）」ツー

ル1）を利用した．実施設計段階の検討では基準となる熱

負荷として2010年度の実績データを用いてLCEMツール

により熱源システムの比較検討を行った．改修工事完成

後はBEMSデータを設計段階で構築したLCEMツールのモ

デルに入力して再計算し，その結果と実績値の比較によ

りシステム性能を評価した． 

実施設計では改修後の熱源システムのシステム COP2）

を既存システムより20％向上させることを目標とした． 

4.1 実施設計段階の検証 

 熱源システムを計画するにあたり，既存システムを踏

襲したシステム（以下，A 案と表記する）と新たな省エ

ネルギーシステムを採用したシステム（以下，B 案と表

記する）を比較検討した．新たな省エネルギー手法とし

て高効率機器の採用と設備容量のダウンサイジングであ

る．ガス吸収式冷温水機は30％省エネ型とし，水冷モジ

ュールチラーは高効率・インバータ制御とした．搬送用

ポンプはインペラを必要性能に合わせて加工し，IE3 の

効率を持つモータを搭載した「エコポンプ」を採用した．

熱源設備容量は 2010 年度の需要実績値を基に約 20％の

ダウンサイジングとした． 

2010 年度の実績値では，ピーク負荷は冷却負荷

1.43Gcal/h（472.4RT/h），加熱負荷は1.68GcaL/hである．

時刻別平均負荷を Figure.2 に，システム比較の検討結果

を Figure.3 に示す．B 案は A 案と比べ，年間の一次エネ

ルギー消費量は 29％削減でき，年間のシステム COP は

0.85と39％改善できるため，熱源システムとしてB案を

採用した． 

4.2 負荷熱量の実績 

平成26年 7月から9月の3か月の冷熱負荷と平成26

年12月から平成27年1月の2か月の温熱負荷の発生頻 
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Figure.2 Design Load (Mean Value) 
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Figure.3 Comparison of Plan A and Plan B 

0

0.3

0.6

0.9

1.2

1.5

1
2
1

4
1

6
1

8
1

1
0
1

1
2
1

1
4
1

1
6
1

1
8
1

2
0
1

2
2
1

2
4
1

2
6
1

2
8
1

3
0
1

3
2
1

3
4
1

3
6
1

3
8
1

4
0
1

4
2
1

4
4
1

4
6
1

4
8
1

5
0
1

5
2
1

5
4
1

Q
u
a
nt
i
ty
 
of
 
Lo
a
d[
G
ca
L
]

Cooling load Heating load

 
Figure.4 Frequency of Cooling/Heating Load 
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Figure.5 Actual Cooling Load (Mean Value) 
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度を Figure.4 に示す．冷熱負荷では3か月の積算熱量は

285.5GcaL，ピーク負荷は 7 月 22 日 10 時に発生した

1.31GcaL/h である．計画時の 2010 年度と比べて積算熱

量は計画時の61.2％，ピーク負荷は91.6％と小さくなっ

ている．温熱負荷では 2 か月の積算熱量は 183.7GcaL，

ピーク負荷は12月16日9時ほか6回発生した0.9GcaL/h

である．計画時の2010年度と比べて計画時の積算熱量は

93.1％，ピーク負荷は53.4％と小さくなっている． 

4.3 冷房運転の実績値の検証 

 平成26年7月から9月の3か月の月別・時刻別平均負

荷を Figure.5 に示す．負荷パターンを見ると，午前 10

時がピークとなり 11～17 時まではほぼ一定となってい

る．実施設計で用いた2010年度の実績データとほぼ同じ

傾向を示している． 

3か月の平均システムCOP は生産熱量が0.1GcaL 以上

ではほぼ 1.0 となっている（Figure.6）．月別エネルギー

消費量とシステムCOPを実績値とLCEMツールによる計算

値と合わせてFigure.7 に示す．実績値とLCEM計算値は近

似した値を示している．設計時のシステム検討では一次

エネルギー換算のエネルギー消費量が500GJではシステ

ムCOPは0.89である．7月・8月の実績値532GJ・564GJ

に対してシステムCOP はそれぞれ0.906・0.913 と LCEM

ツールを用いた計算値に近似しており，ツールを用いた

性能検証の妥当性が示された． 

7～9月の冷房期間のシステムCOPは，0.91で実施設計

段階のLCEMツールを用いた計算値0.91と同じ値となり，

既存システムより49％と大きく改善できた． 

4.4 暖房運転の実績値の検証 

平成26年12月から平成27年1月の2か月の月別・時

刻別平均負荷を Figure.8 に示す．負荷パターンを見ると，

冷熱負荷のような午前10時の極端なピーク負荷はなく，

10～17時までほぼ一定となっている．2010年度の実績デ

ータとはピーク負荷に大きな差異があることを除けばほ

ぼ同じ傾向を示している． 

2か月の平均システムCOP は生産熱量が0.2GcaL 以上

では平均して 0.7 程度となっている（Figure.9）．月別エ

ネルギー消費量とシステムCOPを実績値とLCEMツールに

よる計算値と合わせてFigure.10 に示す．実績値とLCEM

ツールを用いた計算値を比べると，電力消費量は近似し

ているが，ガス消費量に誤差があり，LCEMツールを用い

た計算値のシステムCOPが低くなっている． 

12～1月の暖房期間のシステムCOPは，0.70で実施設

計段階のLCEM ツールを用いた計算値0.795 より 11.4％

低くなった． 
4.5 チューニングの実施 

 改修工事完成後の冷房期間（7～9月）終了後に冷房運

転に関する不具合を改善した．２つの問題点が性能検証

の過程で発見された．先ず，熱源機の運転台数制御にお
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Figure.7 Energy Consumption and System COP 
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Figure.8  Actual Heating Load (Mean Value) 
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Figure.10  Energy Consumption and System COP 
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Figure.11 Operated Heat Source Equipment（September） 
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いてガス吸収式冷温水機2台が毎朝の立ち上がり時など

で熱負荷に関係なく，ほぼ同時に運転する制御設定値と

なっていることが分かった．所内の中央監視設備は本空

調設備と同様に竣工後 17 年経過しハードの老朽化と機

能の陳腐化が進み，本改修工事より先行して改修工事が

進められていた．その後，空調設備の改修工事が開始さ

れたが，熱源設備の運転制御などは既存の制御設定値を

踏襲しており，改修後の熱源システムの制御内容が詳細

に反映できなかったことが要因と考えられる． 

次の問題点として，Figure.5・Figure.8 に示すように冷

却負荷・加熱負荷とも朝の立ち上がり時がピーク負荷と

なっていることである．通常，暖房時は朝の立ち上がり

時がピークとなるが，冷房期間は午後2時から4時にピ

ーク負荷となる．これは節電の意識から朝の立ち上がり

時間を短時間としていることが要因と考えられる． 

 これらの不具合改善の対策と効果について以下に示す． 

4.5.1 運転台数制御の再設定 

 熱源機運転台数制御に関する「始動時運転台数設定」

「始動時運転台数保持時間」・「効果待時間」・「発停判断

インターバル」・再起動防止時間」を再確認し，熱源機の

増減台の制御設定値を暖房運転開始前に再設定した． 

9月と12月の熱源機の運転状況をFigure.11とFigure.12
に示す．9月は水冷モジュールチラー（340kW，RR-003）

のみで負荷処理が可能な場合でもガス吸収式冷温水機

（879kW，RB-001・RB-002）が運転している．同様に，2

台運転（RR-003とRB-001またはRB-002）で負荷処理が

可能な時も水冷モジュールチラーとガス吸収式冷温水機

2 台が運転している．熱源機の増減台の制御設定値を変

更した後の12月の運転状況を見ると，負荷熱量に対して

ガス吸収式冷温水機の1台運転時と2台運転時がほとん

ど重なり合うことなく運転できている． 

4.5.2 立ち上がり運転時間の再設定 

改修工事前は所内の就業時間に合わせて，8時20分に

熱源機発停の群指令 ON となるスケジュールとなってい

た．朝の立ち上がり運転に伴うエネルギーデマンドを抑

制するため，12月 22 日以降は立ち上がり運転を1時間

早めて7時20分に群指令ONとなるようにスケジュール

を変更した．Figure.8 に示すように12月と1月の温熱負

荷を比べると，12月の平均温熱負荷より1月の平均負荷

はピークが1時間オフセットし9時頃となっている． 

Figure.13 に立ち上がり時のガス吸収式冷温水機の単体

COP3）を示す．8時の単体COPは12月のRB-001平均COP

は1月より0.1程度高いが，9時・10になるとRB-001・

RB-002 とも 12 月より0.09～0.18 程度高くなっている．

ガス吸収式冷温水機の運転を1時間早めることで二次側

への供給出口温度が1時間早く安定し，熱源機が高負荷

率で運転を継続することができたものと考えられる． 
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Figure.12  Operated Heat Source Equipment（December） 
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Figure.13 Heat Source COP (Mean Value) 

 
5. まとめ 

本工事では竣工引渡し後2年間に継続してデータ収集

し分析評価を行ない，その結果を踏まえて運転方法や自

動制御パラメータの再調整を行なうことが契約条件とな

っている．1 年目の性能検証から，熱源機の運転台数制

御値および熱源機の立ち上がり運転時間を再設定した． 
今回の改修計画では熱源容量のダウンサイジングを行

っている．熱源システムのエネルギー使用量を削減する

ためには二次ポンプのインバータ制御による負荷側への

流量と送水圧力の調整が不可欠となる．一次側の熱源シ

ステムと負荷側との総合調整を今後の課題としたい． 
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Recently, lots of facilities have attempted to utilize kinds of energy-saving techniques as much as possible in order to 

protect the global environment. In this paper, three typical logistics warehouse were selected among nearly one hundred 

logistics center in Japan which mainly adopt the underground pit space to include the cool-tube ventilation system. We 

have measured the exit and outside temperature of the pit space for these three logistics warehouse and conducted the 

relevant data analysis. Finally, the influence of cool-tube ventilation system and its contribution to the enterprise interest 

was discussed. 

  

 はじめに 

 近年、地球環境への負荷低減のために、あらゆる施設

で自然エネルギーを用いた省エネルギー技術が導入され

ている。 

全国に 83 支店、16 の物流センターを有する、機械工

具・物流機器などの工場用副資材の卸売業を展開されて

いるトラスコ中山株式会社では、新築物流倉庫の床下ピ

ット空間を利用したクールチューブ換気設備を導入して

きた。一般的に、床下ピット空間を利用したクールチュ

ーブ換気を行うためには専用のピット空間を掘削するた

めの大きな費用が発生したり、地盤面下に設けるピット

であるが為に湧水が発生し臭気が生じる心配がある。物

流倉庫の1階の床面高さは、その特性上トラックの荷台

の高さ分だけ地盤面より高くなっている。そのために必

然的に発生した浅い床下ピット空間を利用して、クール

チューブ換気を行う事としてきた。クールチューブ効果

で冷却された空気は、従業員の方々に効果を直接感じと

って頂ける様、物流倉庫内で手動スイッチ操作による直

接吹き出しとする事としてきた。（Figure 2） 

今回、3 施設でのクールチューブピットの出口温度と

外気温の計測結果の分析を行った。Figure 1は市原市(千

葉県)の物流施設の外観である。 

 

１．実測概要 

Table-1に建築概要を示す。Table-2は実測条件を示す。 

実測の項目は外気温、クールチューブピット出口空気

温度である。 

 

Figure 1  Photo of logistics warehouse in Ichihara City 

 

Figure 2  Overview of cool-tube system 

 

Figure 3～5に仙台市、市原市(千葉県)、広島市の物流

倉庫のピット平面図を示す。図中の矢印のルートでピッ

ト内を経由して外気を取り込んだ。 
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 Table 1 Principal particular of architectures 

Table 2 Experimental condition 

  

Figure 3  Plan of pit space in Sendai city 

 

Figure 4  Plan of pit space in Ichihara city 

 

Figure 5 Plan of pit space in Hiroshima city

 

Figure  6  Comparison of the inside and outside temperature for the 
pit space (Sendai 2010/7/28～8/30) 

 

Figure 7  Comparison of the inside and outside temperature for the pit 
space (Ichihara 2011/8/10～9/21) 
 

2．実測結果 

Figure 6～11 に仙台市、市原市(千葉県)、広島市の物

流倉庫の外気温とピット内出口空気温度を示す。 

Table 3に3施設におけるクールチューブ設置によって、

得られた冷熱量を示す。 

3.クールチューブ効果 

クールチューブ設置による効果と、エアコンで冷却し

た場合に必要であった電力料金に換算した結果を Table 

4に示す。 
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外気温度とピット内出口温度(千葉2011/8/10～9/21) 

 外気温度 ピット内出口温度 

場所 階 延 面 積

(㎡) 

クールチュ

ー ブ面積

[㎡] 

クールチュ

ー ブ長さ

[m] 

風量 

[㎥/h] 

仙台市 4 10,667 1,290 270 6,000 

市原市

(千葉) 

2 2,717 680 190 4,000 

広島市 3 4,376 630 90 3,000 

場所 年間平均気温[℃] 実測期間 

仙台市 12.2 2010/7/28～8/30 

市原市(千葉) 15.3 2011/8/10～9/21 

2012/9/7～9/21 

広島市 15.9 2012/7/1～9/21 

2013/7/1～9/21 

2014/7/1～9/21 

クールチューブ入口 

クールチューブ入口 

クールチューブ空気供給
竪シャフト 

30m 

30m 

クールチューブ空気供給
竪シャフト 

38m 

20m 

クールチューブ空気供給竪シャフト 

クールチューブ入口 
38ｍ 

38ｍ クールチューブ範囲 

クールチューブ範囲 

クールチューブ範囲 
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Figure 8 Comparison of the inside and outside temperature for the pit 
space (Ichihara 2012/9/7～9/21) 

 

 

Figure 9  Comparison of the inside and outside temperature for the pit 
space (Hiroshima 2012/7/1～9/21) 

 

 

Figure 10  Comparison of the inside and outside temperature for the 
pit space (Hiroshima 2013/7/1～9/21) 

4.終わりに 

 クールチューブ換気効果は、年間平均気温の低い仙台 

市の施設が一番高かった。市原市、広島市の施設におい

ても、外気温にかかわらず27℃DB前後で供給することが

出来ており、クールチューブ効果は十分に得られている 

事がわかった。1階の床面高さが地盤面より高くなる物 

 

Figure 11  Comparison of the inside and outside temperature for the 

pit space (Hiroshima 2014/7/1～9/21) 

 

Table 3 Absorbed energy for different cities 

場所 期間 

最大値 
平均値 

(9～17時) 

合計値 

(9～17時) 

w 

w/㎡ 

(ピット 

面積) 

w  

w/㎡ 

(ピット 

面積) 

kwh 

kwh/㎡ 

(ピット 

面積) 

仙台 
2010/7/28

～8/30 
28,200 21.9  16,000 12.4  4,400 3.4  

千葉 

2011/8/10

～9/21 
17,800 26.2  5,600 8.2  2,000 2.9  

2012/9/7

～9/21 
13,900 20.4  4,600 6.8  582 0.9  

広島 

2012/7/1

～9/21 
13,000 20.6  5,600 8.9  4,200 6.7  

2013/7/1

～9/21 
13,000 20.6  6,000 9.5  4,500 7.1  

2014/7/1

～9/21 
13,800 21.9  4,800 7.6  3,500 5.6  

 

Table 4 The influence of pit space on electricity-consuming 

場所 期間 日数 

削減 

最大電力 

削減 

電力量 

削減 

電力料金 

(kw) (kwh) (千円) 

仙台 
2010/7/28

～8/30 
34日間 8.1  1,257 183  

千葉 

2011/8/10

～9/21 
43日間 5.1  571 112  

2012/9/7～

9/21 
15日間 4.0  166 84  

広島 

2012/7/1～

9/21 
83日間 3.7  1,200 94  

2013/7/1～

9/21 
83日間 3.7  1,286 95  

2014/7/1～

9/21 
83日間 3.9  1,000 95  

※エアコンCOPは3.5、電力基本料金は1.7千円/kw･月、従量料金は15円/kwhと

して算定。 

 

流施設において、クールチューブ換気は大変有効であっ
た事がわかった。 
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Research on efficient heating system for a plastic greenhouse in winter
-An experimental study on the effect of heating and insulating the high-floored sand bed-

Naomi INABA*1 Minako NABESHIMA*1 Yoshiaki KASASHIMA*1 Masatoshi NISHIOKA*
Yoshiyuki Oohashi*

1

2 OsamuOKAMOTO*3 KazutakaMAEDA*
*

4

1 Osaka city University *2

*
TORAY Construction Co., Ltd.

3 Sigehirogumi Co., Ltd. *4 Green FARM Co., Ltd.

Recently it is known that high floored sand culture that can cultivate in easy work and high productivity. This study shows that the heat 

and water balance of a plastic greenhouse by using measurement data. Examination of heating system for the high-floored sand bed has been 

conducted by using a heating cable and a heat pipe. As a result, it is shown that hating and insulating sand bed can be earlier growth 

condition than normal sand bed. Electricity consumption was reduced by thermal insulating.

(
)

1 .
1.1

(10 1 ) 4
Table 1

Figure 1 Figure 3
Table 1 Measurement item

Outdoors In plastic greenhouse Sand bed
Air temperature
Humidity
Wind direction
Wind speed
Short wave radiation
Long wave radiation

Air temperature
Humidity
Wind speed
Wall temperature
Short wave radiation
Long wave radiation

Soil 
temperature
of depth
direction
Soil heat flux

Figure 1 In plastic greenhouse

Figure 2 Sand bed

Figure 3 Sand bed(insulating)

N

S

EW
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1.2
(1)

1) Figure 4

(Formula 1)
(Formula 2) (Formula 

3) Formula 1 Formula 3   ( =S  ) Formula1 3
2)

(2)

(Formula 4) (
)  

(Formula 5)

(Formula4)     
(Formula 5 )

Figure 
5 1 Figure 5

Table 2 Table 2

62 35 97
3

99
1
1 Figure 6 Figure 6

1 (
) 3089.7MJ (

) 2070.3MJ
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( ) ( )
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( ) n ( ) n
( ) 1
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Figure 4 Thermal balance in plastic greenhouse

:Solar radiation outside(W/m2

:Solar radiation inside(W/m
)

2 :sensible heat flux due to ground(W/m
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)
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)

2 :combined heat flux due to wall(W/m
)

2 :infiltrating ventilation of heat flux(W/m
)

2 :transmission of heat flux(W/m
)

2 :sensible heat flux due to members(W/m
)

2 :heat transmission through members(W/m
)
2 : sensible heat flux due to surface of the sand bed(W/m
)

2 : latent heat flux due to surface of the sand bed(W/m
)

2 : heat transmission through surface of the sand bed(W/m
)

2 : sensible heat flux due to bottom of the sand bed(W/m
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2 : latent heat flux due to bottom of the sand bed(W/m
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2 : heat transmission through bottom of the sand bed(W/m
)

2

:outside temperature( )  :inside temperature( )
)

:ground temperature( ) :wall temperature( )
:members temperature( )
:under the sand bed temperature( )
:temperature of the surface of the sand bed( )
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:wall area(m
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: latent heat of transpiration in sand bed at n hour(kg/h)
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:incremental of water vapor in plastic greenhouse from an hour 
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( )
1 Figure 

7 1 364.3kg
0.3kg 362.3kg 1.7kg
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( ) Figure 8

1
Figure 8

2
2.1

( ) Table 3 5
Case1
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Case5
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Case
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2.2
Case Table 4 Table 

4 Case Case1 76 Case2 Case3
70 Case4 Case5 63 Case3

20

13
6

Case ( ) Figure 9

1
800 850( )

Figure 9
Case1 741( )

Figure 5 Diurnal change of each section in right side
Table 2 The thermal balance in plastic greenhouse

Figure 6 Diurnal change of supply and release heat flux

Figure 7 Moisture balance in plastic greenhouse

Figure 8 Dew point and Wall temperature
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Table 3 Detail of cases(Sectioned drawing of sand bed)

Case1
Normal sand bed

Case2

Thermal insulating

Case3

Heater cable
Thermal insulating

Case4

Heater cable

Case5

Heat pipe
Thermal insulating

Table 4 harvest days of each case (day)

Case1 Case2 Case3 Case4 Case5
76 70 70 63 63

Figure 9 The accumulated temperature until a harvest day

Figure 10 The accumulated electricity consumption
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Performance Evaluation of the Thermal Storage Radiation Air Conditioning System from the Concrete 
Slab that uses Underground Heat and Solar Heat Directly 

 
 

 

 
Hiroki TOBA*1  Tomoyuki CHIKAMOTO*1  Myonghyang LEE*1  

Koki KANEKO*1  Yoichi KOBAYASHI*2  Yoichi KOBAYASHI *3  Kentaro SEKINE*3 

*1  Ritsumeikan University  *2 Yasui ARCHITECTS & ENGINEERS, INC.    *3 TAISEI Co. Ltd.  

 
In order to reduce CO2 emission from air conditioning, use of sustainable energy is necessary. Thermal storage 

radiation air-conditioning system from the concrete slab that uses underground heat and solar heat directly 
is a solution for CO2 reduction. Performance evaluation for this system was done in summer and winter season for the 

purpose of performance improvement and In order to spread this system to be introduced into many buildings.  
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Verification of the Performance of the Water-type Ceiling Radiative 
Air-conditioning System which can Select Heat Sources 

Ryo MIYAGI*1  Tomoyuki CHIKAMOTO*1  Shigeru OKAMOTO*2  Youichi KOBAYASHI*3 

*1  Ritsumeikan University  *2 Tohata Architects & Engineers, Inc. *3 Yasui Architects & Engineers, Inc. 

The performance of the radiative ceiling air-conditioning system, which can select the water for cooling, supply/return 

water from/to heat sources and water which uses underground heat and solar heat, is verified in summer and winter by 

measurement. The measurement was done using two rooms, one has radiative ceiling air-conditioning system, and the 

other has normal convection type air-conditioning system. 
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Construction of hybrid heat source water network system with hot spring heat 
- (Part1) Estimates of the effect of system simulation based on a measurement investigation at hotels- 

Masaki OMORI*1 Hiroki KITANO*1 Masahito MIKE*2 
Koichi SAWABE*2 Minako NABESHIMA*1 Masatoshi NISHIOKA*1 

*1 Osaka City University *2 Sogo Setsubi Consulting Co. ,Ltd 

In order to use the hot spring heat which is renewable energy, we consider hybrid heat source water network system with hot 
spring heat that springhead energy and drain water energy are used at the community level of the hot spring town unit. To calculate 
the introduction effect of system as a test, we build simulation models, simulate based on measurement survey result and compare 
cost and energy amount of existing system and the heat source water network system. As a result, this study shows that primary 
energy consumption is reduced 25~28GJ/day. 

 

(Figure.1)  

 

( )

 

 
Figure.1 Image figure of hybrid heat source water network system 
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4 (Figure.2)
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(Table.1)
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2

A C B
A 70% D A 50%

 

 

Figure.2 Image figure of whole simulation 

 
Figure.3 Image figure of system in hotel 

 

(Figure.4) (Table.2)
A C B D

 

65

COP
 

Table.1 Setting contents of the simulation 

 Item Hotel A,C Hotel B Hotel D 

Case 

1 

Hot spring 
source TEMP. 

High 
(42 ~) 

High 
(42 ~) 

High 
(42 ~) 

Hot spring 
source flow rate 

Large Large Large 

Thermal 

demand 

Reference 

value×100% 

Reference 

value×70% 

Reference 

value×50% 

Case 

2 

Hot spring 
source TEMP. 

Low 
(35 ) 

Low 
(35 ) 

Low 
(35 ) 

Hot spring 
source flow rate 

Large Large Large 

Thermal 

demand 

Reference 

value×100% 

Reference 

value×70% 

Reference 

value×50% 

Case 

3 

Hot spring 
source TEMP. 

High 
(42 ~) 

  

Hot spring 
source flow rate 

Large   

Thermal 

demand 

Reference 

value×100% 

Reference 

value×70% 

Reference 

value×50% 

Table.2 Main calculation condition (Hotel A) 

 Module Item 

Measurement 

data 

HEX 

High temperature fluid entrance flow 

rate & temperature(Springhead) 

High temperature fluid entrance flow 

temperature(Drain water) 

Storage 
tank 

Water supply temperature, Heat demand, 
outside temperature 

Pipe Ground temperature:13 (Ave.) 

Set value 

HP 

Hot water supply temperature:65  

Warm water flow rate:4.3L/s 

Heat source water flow rate:5.8L/s 

HEX 

(Springhead)Heat source water flow 
rate:2.0L/s 

(Drain water)Heat source water flow 

rate:1.0L/s 

Coefficient of overall heat 
transfer:1.0kW/m2K 

Heating area:5.0m2 

Pump Flow rate, Lifting height, Shaft power 

Pipe 

Pipe length:420m 

Burial depth:500mm 
Outside diameter:340mm 

Inside diameter:300mm 

Thermal conductivity:0.46W/mK 

Initial heat source water TEMP.:1.5  
Heat source water flow rate:1.7×10-3m3/s 

15m 15m 15m 15m

Hotel
A

Hotel
B

Hotel
D

Hotel
C 50m50m50m

P
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(
)

1.0kW/m2K 5.0m2

Figure.2 Figure.3

 
 

(500mm)

Eq.1
Eq.1 Eq.2~Eq.8

420m
500m 300mm 340mm

0.46W/mK

1.5 1.7×10-3m3/s  

2

1.0W/m2K
 

5
3 4 5

5
 

  
C

(Figure.5 ~ Figure.7)   

 

Figure.4 Calculation concept of system simulation 

Table.3 Thermal transport property calculation of a pipe 

GC
LK

exp
w

L
SinSout  Eq.1 

N

1i i_p

1ii

00L

D/Dlog
2
1

D
11

K
1

π
 Eq.2 

3.00.8Pr0.023ReNu  Eq.3 

w

00D
Nu  Eq.4 

w

w
a

Pr  Eq.5 
w

0uD
Re  Eq.6 

w

w  Eq.7 
ww

w
w c

a  Eq.8 

θout : Exit TEMP.(degC) θin :Entrance TEMP.(degC) 
θs :Soil TEMP.(degC) G :Flow rate (m3/s) 
KL : Coefficient of overall heat transmission of the pipe (W/mK) 
L :Length of the pipe(m) cw :Specific heat(J/kgK) 

D0(DN) :Inside(Outside) diameter of the pipe (m) 
α0 : Surface heat transfer rate among the pipe(W/m2K) 
λp_i : Thermal conductivity of the pipe(i)(W/mK) 
Nu :Nusselt number Re :Reynolds number 

Pr :Prandtl number aw :Thermal diffusivity(m2/h) 

Cw : Volumetric specific heat (MJ/m3K) 
λw :Thermal conductivity of water (W/mK) 

νw : Kinematic coefficient of viscosity(m2/s) 

u : Pipe flow velocity(m/s) 

ηw : Coefficient of viscosity (Pa s) 
ρw :Water dencity(J/kgK) 

Case1 27 ~33 Case2 21 ~ 26 Case3 23 
~29

(Case2) (Case3)

(Case1)  

Heat source 
water 

network 
pipe

HEX or Heat source equipment

Heat demand

Building

Heat source 
water 

network 
pipe 

Seperation Confluence
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Figure.5 Transition of heat source water TEMP. (Case1, Hotel C, HP) 

Figure.6 Transition of heat source 

water TEMP.(Case2,Hotel C,HP) 

Figure.7 Transition of heat source 

water TEMP.(Case3,Hotel C, HP) 

COP  
COP Figure.8~Fi-

gure.10 Case1 3.8~4.4 Case2 3.5~4.0 Case3
3.6~4.2 COP D C B A

COP
A B C D C B A
A B C D

D
D

COP COP
Case1

Case3 Case2 COP Figure. 
5~Figure.7 Case1 Case2 3

COP  
  

Figure.11

9,970kJ/kWh A~D

4 0.9
Case1 29GJ/day

Case2 31GJ/day Case3 28GJ/day
56GJ/day

25~28GJ/day

 
 

(1) COP COP
 

 
Figure.8 Transition of COP (Case1) 

Figure.9 Transition of COP 

(Case2) 

Figure.10 Transition of COP 

(Case3) 
HP COP

(2)
30GJ/day 26~28GJ/day

(1)

(2)

 

 

Figure.11 Primary energy consumption 
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 Development of Clean Water Preheating System Using Heat Exchange  
with Waste Water from the Bathroom 

-Estimation of Impact of the System by Experiment and Simulation- 
 

 
   

     
Toshiya ABE*1  Minako NABESHIMA*1  Masaki NAKAO*1   

Masatoshi NISHIOKA*1  Masahito MIKE*2  Koichi SAWABE*2   
*1 Osaka city University  *2  Sogo Setsubi Consulting Co., Ltd. 

 
Our clean water preheating system has not been evaluated the whole system. Improving the heat recovery rate has been 
remained an issue. This study has been experimented in drainage characteristics to improve the heat recovery rate and shows 
some optimum conditions for Japanese style bathroom on the basis of the experimental data. Using simulation model of the 
whole hot water supply system, the heat recovery rate and primary energy consumption are estimated. 

 
  

16
1990 4

1/3

 
 

( 1 2)

1)

2)

 

 

  
 

Figure 1 Elevation  

heat exchanger 

 

 
 

Figure 2 Longitudinal cross-sectional 

view of the heat exchanger 

  
  

1)

KA 42.9W/K KA
25.5W/K

(KA: )

1.5m 

0.0605m 
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0.016m 

Bathtub 

drainage 

Water 
supply 

Material Copper 
Heat capacity 1937J/K 
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1.5m  
1 0.9L/s

 
  

3 0.4L/s 4
0.3L/s  

 
Figure 3 Transparent piping

in the conditions of the 

drainage flow rate 0.4L/s 

 
Figure 4 Transparent piping

in the conditions of the 

drainage flow rate 0.3L/s 
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Dymola(
Modelica®

)

1
2

2 Case1-1 1-2 2-1 2-2
Case1-2 1-3

1-4 Case2-2 2-3 2-4
Case1-5 1-6

KA 1
126W/K 933W/K

8.13 16.0
24.33 6.67 17.22

27.23 ( 2014
2014 )  

Table 1 Simulation conditions for a household 

 Value of KA* Bathing method Season 

Case1-1 126(W/K) Bathtub bathing Winter 

Case1-2 933(W/K) Bathtub bathing Winter 

Case1-3 933(W/K) Bathtub bathing Interim 

period 

Case1-4 933(W/K) Bathtub bathing Summer 

Case1-5 933(W/K) Shower in the evening  

and morning  
Bathtub drainage  

in the morning 

Winter 

Case1-6 933(W/K) Shower in the evening  

and morning  
Bathtub drainage  

in the morning(Control) 

Winter 

* K:heat transmission coefficient, A:means area of heat exchange 

Table 2  Simulation conditions for multiple households 

 Value of KA* number of people 

in 5 families 

Season 

Case2-1 126(W/K) 4 4 3 2 2 Winter 

Case2-2 933(W/K) 4 4 3 2 2 Winter 

Case2-3 933(W/K) 4 4 3 2 2 Interim period 

Case2-4 933(W/K) 4 4 3 2 2 Summer 

Table 3 3 4
5

1.5
2.0 8.0m

0.5m 5.5m
20

0.9  
  

5 Case 6
Case  

 
Figure 5 Load of hot water supply reduction rate in each case 

 
Figure 6 Primary energy reduction in each case 
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Case1-5 1.97 Case1-6 2.16

 
Case2-1 2.61

Case2-2 4.88 807W/K
2.27

Case1-2 Case2-2
2.16

Case2-2
4.88 Case2-3 5.00 Case2-4 5.00

 
6 Case1-2 1.59MJ Case1-3 1.18MJ

Case1-4 0.64MJ
Case2-2 11.36MJ Case2-3 8.66MJ Case2-4
4.69MJ

1538.8 (5 )
11191.0  

  
(1) 0.4L/s

 
(2)

 
(3)

1.59MJ 11.36MJ

1538.8 (5 ) 11191.0

 
 
[ ] 

JSPS  (C)25420611
 

Table 3 Expression of heat exchanger model 

cwmw(Tb-Ta)=Qa+Qb (1) mw Ahsw (2) 

Qa=Ah kw( Ta-Tw) (3)  

cw :Specific heat capacity of wall material(J/kgK) 

mw :The mass of the wall(kg) Ah :Heat transfer area ( ) 

Ta :Temperature of the drainage side ( ) 

Tb :Temperature of the water supply side ( ) 

Qa :Drainage heat loss quantity (W) 

Qb :Clean water heat gain quantity (W) 

 :Density of wall material(kg/ ) 

kw :Heat transfer coefficient (W/ K) 

Tw :Temperature of the wall( ) 

Table 4 Expression of water heater model 

Q=( Q0η)/ η0 

mf Qf/hf 

(4) 

(6) 

η Q/Qf 

Vf mf/  

(5) 

(7) 

Q :Heat input into the medium (W) 

y :Part load ratio (-) Q0 :Nominal power (W) 

η :Coefficients for efficiency curve (-) 

η0 :Efficiency at y=1 (-) Qf :Heat released by fuel (W) 

mf :Fuel mass flow rate (kg/s) hf :Fuel heating value (kg/J) 

Vf :Fuel volume flow rate ( /s) 

ρf :Fuel mass density (kg/ ) 

Table 5 Expression of piping model  

Q1 kpAout T1 (8) Q2 hAin T2 (9) 

Qstorage=Cp(dT/dt) (10) 

Q1 :Heat loss of the piping (W) 

kp :Heat transfer coefficient of the piping(W/ K) 

Aout :Outside surface area of the pipe( ) 

Ain :inside surface area of the pipe( ) 

T1 :Difference of piping temperature  

and the pipe ambient temperature(K) 

Q2 :Convective heat transfer amount of heat(W) 

h :Convective heat transfer coefficient(W/ K) 

T2 :Difference of piping temperature  

and the pipe in the fluid(K) 

Qstorage :Thermal storage amount of piping(W) 

Cp :Heat capacity of the piping(J/kgK) 

mp :Mass of the piping(kg) 

dT/dt :The time derivative of the pipe temperature(K/s) 

 

1)

-

 2013 9  

2) -

-

2014 3  
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( 9 ) 
Study of the System for Accommodating Thermal Energy by Using Sewage Water Pipeline 
(part 9)Feasibility study of the system in terms of energy-saving and economic efficiency 

 

      

        

      
 

Kenji NAKAMURA*1  Minako NABESHIMA*1 

Masahito MIKE*2  Koichi SAWABE*2   

Masaki NAKAO*1  Masatoshi NISHIOKA*1 

*1  Osaka City University  *2  Sogo Setsubi Consulting Co Ltd  
 

In evaluation of economic efficiency in part7, a calculation considered only energy cost was performed. In this 

study, we carried out a detail estimation including initial costs. Furthermore, we have run the system simulations of 

hot water supply system including heat exchange between sewage water and heat source water for Osaka, Sendai and 

Sapporo. The basic units for primary energy consumption and running costs are offered by using the obtained results 

through the simulation. This study tries to conduct a simple feasibility study in terms of energy-saving and economic 

efficiency in Osaka and Sendai city. 

 

1  

  
1)

 
1

 
2 ( ) ( )

 
3

 

2  
2.1  

Table 1

Eq. 1

 
Table 1 Overview of a method of calculating introduction effect 

   

Evaluation items Calculation procedure

Energy-saving Calculated by the system simulation

Energy cost Calculated by the system simulation
Maintenance
cost

The uniformly set at 30% of the heat
source machine as a secular costs
Calculated by stacking the price of
each facility device
Calculated by Eq. 1

Evaluation indicator

Primary energy consumption

Economic efficiency

Running cost

Initial cost

Simple payback period
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2.2  
Fig. 1

Table 2

HP

 
2.3  
2.3.1  

Fig. 2

 
2.3.2  

Fig. 3

 

 
Fig. 1 Composition of Sewage heat utilization system 

Table 2 Calculation condition 

Items Values Spec 

Heat load

conditions 

Building type 
Residential , Business, 

Hotel , Medical 

Total floor space Scale corresponds to 58kW 

System operating method Thermal storage operation 
(Operating for 20 hours per day ) 

Heat 
source 

facilities 

Main 

Water source heat 
pump (Sewage heat 
utilization system) 

58kW(Made of Z Co Ltd)1)2)  

Gas boiler 
(Conventional system) 58kW(reference to the LCEM) 

Air-source heat 
pump  

(Conventional system) 
38kW(Made of Z Co Ltd) 2) 

back 
up Gas boiler 

It has 10% of the capacity for the
main facilities. And it is not 
reflected in the energy 
calculations. 

Hot water 

Temp. Outlet  65(degC) 

Flow 

rate 

Primary side Changes depending on heat load 

Secondary side Changes depending on heat load 
Circulated flow rate  
of heat source water 132.6(L/min) 2) 

Intake sewage water flow  183.7(L/min) 

Temperature of outside air  Expanded AMeDAS data3) 

Temperature of hot water inlet  Literature values 4) 

Temperature of sewage 
Sapporo, Sendai City Measured 
value of sewage plant in each city 
Osaka City Measured value 4) 

Hex for sewage 
Heat transfer coefficient 1(kW/K)5) 

Thermal exchange area 19.3(m2)5) 

 
Fig. 2 Per year primary energy reduction for conventional systems 

 
Fig. 3 Simple payback period for conventional systems 
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3  
3.1  

Fig. 4
Fig. 4

1
2 3

3
 

3.1.1  
1  

Eq. 2
1.0

 

 Eq. 2 

2  

6)

Eq. 3

 

QN =Cw GN T Eq. 3 

QN [MJ/ ] 

Cw [MJ/m3K] 4.164[MJ/m3K]  
GN [m3/ ] 

T [K](5K ) 
3.1.2  

30%
5

Eq. 4  
(Table 4)

Eq. 5  

(Table 5)

 
3.2  

10 12

Table 6 Table 7
 

 

Table 3 Overview of evaluation for feasibility study of the system 

 
Impossible  

 

 

Fig. 4 Procedure of feasibility study for the system 

)(
)/GJ(E)/GJ(E 2

 
Eq. 4 

)(
)/(R)/(R 2

 
Eq. 5 

 

Table 4 Basic unit of per year primary energy consumption for each of regions, building types and systems 

 
Table 5 Basic unit of per year running cost for each of regions, building types and systems 

 

Step Evaluation indicator Mark
”Possible”
”Impossible”
”Possible”
”Impossible”

” ”

” ”

”Impossible”

3
Simple payback period for a

conventional system

Less than 5 year
More than 5 years
less than 10 year

More than 10 year

Criteria

2 Reduction rate of per year
primary energy

More than 30% 
Less than 30%

1 Thermal supply
and demand balance

More than 1
Less than 1

Step Feasibility study method Evaluation criteria

1
Extraction of sewage heat utilization 

promising building
in terms of thermal supply 

and demand balance

1

2 3
Extraction of sewage heat utilization 

promising building
in terms of energy-saving and 

economic efficiency

step2. energy-saving
Reduction rate of primary 
energy 30%

step3. economic efficiency
Simple payback period

5year

Extracted as a high sewage heat utilization 
introduced potential building

If  meeting 
both criteria

If meeting 
this criteria

Procedure of Feasibility study for the system

thermal supply 
and demand balance       

Osaka city Sapporo city Sendai city Osaka city Sapporo city Sendai city Osaka city Sapporo city Sendai city Osaka city Sapporo city Sendai city
Sewage heat utilization system 0.086 0.119 0.105 0.007 0.010 0.009 0.246 0.329 0.296 0.233 0.308 0.274

Conventional system(Air-source) 0.134 0.185 0.137 0.011 0.016 0.011 0.362 0.486 0.401 0.345 0.453 0.366
Conventional system(Gas boiler) 0.141 0.191 0.164 0.012 0.015 0.013 0.397 0.433 0.425 0.361 0.431 0.410

Basic unit of per year primary energy
consumption (GJ/year m2)

Residential facility Business facilities Hotel Medical facilities

Osaka city Sapporo city Sendai city Osaka city Sapporo city Sendai city Osaka city Sapporo city Sendai city Osaka city Sapporo city Sendai city
Sewage heat utilization system 168.9 216.3 194.2 14.9 19.2 17.1 747.6 875.9 823.1 695.6 820.2 768.4

Conventional system(Air-source) 237.9 322.5 240.6 20.8 28.9 21.4 918.1 1134.8 966.0 868.9 1057.7 906.3
Conventional system(Gas boiler) 391.6 488.4 425.5 33.0 38.7 34.7 1105.0 1167.8 1120.4 1010.6 1125.3 1077.1

Basic unit of per year running
cost(yen/ m2)

Residential facility Business facilities Hotel Medical facilities
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Table 6 Feasibility study results for Sewage heat utilization system (Osaka city) 

 
Table 7 Feasibility study results for Sewage heat utilization system (Sendai city) 

 
E R , 1  

1 2 3 4 5 6 7 8 9 10
Ebie Ebie Ebie Ebie Ebie Tsumori Tsumori Tsumori Suminoe Suminoe
Hotel Bussiness Bussiness Hotel Bussiness Medical Residencial Hotel Residencial Commercial
85,338 105,588 75,710 45,706 78,174 6,846 75,015 19,973 19,001 15,619
28,578 972 697 15,306 720 2,293 9,420 6,689 2,386 1,504

Per year average sewage heat potential GJ/year 345,189 68,083 13,504 139,474 135,088 83,845 15,869 60,705 218,403 6,564
 thermal supply and demand balance ( ) 12.1 70.0 19.4 9.1 187.6 36.6 1.7 9.1 91.5 4.4

Evaluation in terms of thermal supply and demand balance Possible Possible Possible Possible Possible Possible Possible Possible Possible Possible
 Per year reduction rate of primary consumption (%) 32 17 17 32 17 31 57 32 57

Simple payback period for a conventional system(year) 3.3 27.9 39.8 4.3 39.3 10.5 3.4 5.9 5.9
Evaluation in terms of energy-saving and economic efficiency Impossible Impossible Impossible Impossible

 Per year reduction rate of primary consumption (%) 32 36 36 32 36 32 35 32 35
Simple payback period for a conventional system(year) 6.9 29.4 41.9 8.9 41.3 19.1 11.0 12.4 19.0

Evaluation in terms of energy-saving and economic efficiency Impossible Impossible Impossible Impossible Impossible Impossible Impossible

In terms of energy-
saving and economic

efficiency

VS
gas

boiler

VS
Air-

source

Building No
Processing area

Building type
Total floor space(m2)

Average  hot water demand per year(GJ/year)

In terms of thermal supply
and demand balance

1 2 3 4 5 6 7 8 9 10 11 12
South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou South-Gamou

Hotel Hotel Hotel Hotel Hotel Hotel Hotel Medical Commercial Commercial Commercial Commercial
113,605 75,163 42,030 38,894 23,793 15,087 13,028 39,338 52,798 32,748 47,490 22,392
38,044 25,171 14,075 13,025 7,968 5,052 4,363 13,174 5,083 3,153 4,572 2,156

Per year average sewage heat potential GJ/year 4,993 19,475 9,754 40,462 1,275 2,115 8,483 1,730 12,642 1,118 21,270 1,492
 thermal supply and demand balance ( ) 0.13 0.77 0.69 3.11 0.16 0.42 1.94 0.13 2.49 0.35 4.65 0.69

Evaluation in terms of thermal supply and demand balance Impossible Impossible Impossible Possible Impossible Impossible Possible Impossible Possible Impossible Possible Impossible
 Per year reduction rate of primary consumption (%) 30.3 30

Simple payback period for a conventional system(year) 4.8 8.4
Evaluation in terms of energy-saving and economic efficiency

 Per year reduction rate of primary consumption (%) 26.2 26.2
Simple payback period for a conventional system(year) 10.0 17.6

Evaluation in terms of energy-saving and economic efficiency Impossible Impossible

In terms of thermal supply
and demand balance

In terms of
energy-saving
and economic

efficiency

VS
gas

boiler

VS Air-
source

Building No
Processing area

Building type
Total floor space(m2)

Average  hot water demand per year(GJ/year)
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Study on Daily Thermal Energy Storage utilizing Aquifer 
(Part5)Heat storage performance of accumulating region made by  

underground structures 
 

Shinpei YAMAMOTO*1   Shigeaki NAKAZIMA*1   Masatoshi NISHIOKA*1 

Minako NABESHIMA*1   Masaki NAKAO*1   Yasuhisa NAKASO*2 

*1  Osaka City University   *2  Kansai Electric Power CO.Inc. 

 

The use of Aquifer thermal storage systems for seasonal thermal storage has spread widely in north Europe. We focused 

on the possibility of utilizing Aquifer for daily thermal storage use. This system can’t get enough heat storage performance 

at Aquifer with high velocity. We aimed to expand opportunity of use this system. The purpose of this study is to estimate 

heat storage performance of accumulating region made by underground structures. Through heat and moisture transfer 

simulation studies, the thermal recovery rate of accumulating region rise up 24.6 point compared with open aquifer at 7th 

cycle and reaches about 80%. 
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Figure. 1 Accumulating region made by underground structure 
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Figure. 2 Modeling of target ground 

 
Figure.3 Comparison of velocity distribution in the case of 

changing Lx 

 
Figure. 4 Comparison of velocity distribution in the case of 

changing Ly 

 
Figure. 5 Difference of heat storage area 
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Figure. 6 Comparision of undeground structur existence 

Table. 1 Simulation condition 

Heat storage 

Cycle [time] 

1cycle : 8h Injection - 8h Pumping - 8h stop 
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Initial 

temperature [ ] 
18.1 

Injection 

temperature [ ] 
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Figure. 7 Comparison of accumulating region with open aquifer 

 
Figure. 8 Comparison of heat recovery rate in case of chaging Ly 
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Table. 2 Diameter of heat storage area 

 
6.  

(1)

 

(2) 1.3m/day

40L/min

(7cycle ) 24.6 point

8  

(3) 

FEFLOW

 

 
Figure. 9 Comparison of all cases at 7th cycle  

except close aquifer 
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Study on Daily Thermal Energy Storage utilizing Aquifer 
(Part 6) Simulational analysis of energy performance for  

seasonal and daily aquifer thermal energy storage- 
 

       

      

     

Shigeaki NAKAJIMA*1  Shinpei YAMAMOTO*1  Masatoshi NISHIOKA*1 

Minako NABESHIMA*1  Masaki NAKAO*1 Yasuhisa NAKASO*2 

*1  Osaka City University  *2  Kansai Electric Power Co. Inc. 

 

In this report, we focused on the possibility of utilizing Aquifer for thermal energy storage use combined daily and 

seasonal. The purpose of this study is to consider, as the next step in establishment for design method of Aquifer, 

thermal energy storage(ATES) using the model combined a thermal energy storage system model and an air 

conditioner model, coupled calculation of thermal storage system and an air conditioner is performed, and the 

performance of ATES is evaluated. In the simulation, a maximum of 45% of electric-power-demand-load-peak cut 

effect and 19% energy-saving effect were found compared with the existing system. 

 
.  

(Figure 1)  

1)

2)

 

 

 
Figure 1 Aquifer thermal energy storage system 
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Figure 2 Nighttime thermal storage operation overview 

 
Figure 3 Taking thermal energy operation overview 

 
Figure 4 Energy use of seasonal and daily aquifer thermal 

energy storage 

 
Figure 5 Existing system overview 

 

Figure 6 Heat load intensity 
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Figure 7 Comparison of power consumption between Cooling 

tower system and ATES by time, August 15 

 
Figure 8 Comparison of power consumption between Cooling 

tower system and ATES(rev)combined daily and seasonal by time, 
August 

 
Figure 91 Comparison of monthly umulative power 

consumption 
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Figure11 Rate of change for Peak power consumption and electricity prices 

(Figure 10)
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T-N T-P  
Evaluation on behavior of T-N and T-P by using a linked hydrological and water quality model 
in Lake Biwa 

 
LIU YANNI  

 
Yanni LIU*1  SayumiTAKEGAWA*1  Hikari SHIMADERA*1  Akira KONDO*1  Yoshio INOUE*1 

*1  Osaka University 

 
Since the 1980s, though water quality in Lake Biwa has been improved, the eutrophication caused by accumulated 

internal load is still a problem. In this study, in order to develop a method to be able to simulate the behavior of nutrient, a 

linked 3-dimensional hydrological model and water quality model developed and used to simulate phytoplankton, 

zooplankton, nitrogen, phosphorus, dissolved oxygen and chemical oxygen demand in Lake Biwa ecosystem. Model was 

run for the year 2007 and the behavior of T-N and T-P were evaluated. At the surface of the water, the result of T-P shows 

a reasonable fit of the simulated values and the observed values, though for T-N, the simulated values are underestimated. 

Meanwhile, the simulated values of T-P are overestimated under the depth of 10 meters. 
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Figure.1 Lake Biwa model mesh 
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Figure.2 Lake Biwa model 
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Figure. 3 comparison observed and calculated data at Imazu 
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Figure. 4 comparison of observed and calculated data at Karasaki 
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Figure. 5 Vertical profile of T-N 
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Figure. 6 Vertical profile of T-P 
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OneBox  
Parameter sensitivity analysis  

for environmental dynamics of lead using OneBox Multimedia model 
  

     

     

Yusuke HIOKA*1  Akira KONDO*1  Hikari SHIMADERA*1  Yoshio INOUE*1 

*1  Osaka University 

 

One box multimedia model for lead to assess the environmental risk was developed, and applied to Lake Biwa - Yodo 

River basin in Japan. The model could reasonably predict lead concentration in four media. Sensitivity analysis was 

performed to understand which input parameters affected the output concentration of four media. Uncertainty analysis was 

performed by Monte Carlo simulation to evaluate the influence on the concentrations due to variability of input parameters. 

The results indicated that the most important parameter affecting the concentration was soil depth and the concentration 

uncertainty had the wider range for the soil than any other media. 
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Figure.1 Lake Biwa - Yodo River basin in Japan 
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Figure.2 Estimated results of leads emissions to the air and soil, 

water during the period from 1957 to 2007 in Lake Biwa - Yodo River 

basin 
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Figure.3 Comparison between measured values and estimated values

in four media in 2007 
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1957 1980

 

 
Figure.4 Estimated results of secular change of lead concentration 

during the period from 1957 to 2007 
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Figure.5 Uncertainty of predicted lead concentration in the air 

during the period from 1957 to 2007 

 
Figure.6 Uncertainty of predicted lead concentration in the soil 

during the period from 1957 to 2007 

 
Figure.7 Uncertainty of predicted lead concentration in the water 

during the period from 1957 to 2007 

 
Figure.8 Uncertainty of predicted lead concentration in the 

sediment during the period from 1957 to 2007 
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Study on Heat Loss of Hot and Chilled Thermal Packet Transportation System 
(Part 1) Experiment of Thermal Packet Transportation with Small-Scale Test Bed

Yoshiki SHIMIZU*1  Yuki ASADA*1  Masatoshi NISHIOKA*1  Farnham CRAIG*1 

Masaki NAKAO*1  Minako NABESHIMA*1  Tsuyoshi NAGAHIRO*1 
*1  Osaka City University

 

Hot and chilled thermal packet transportation system is suggested to enables interactive heat accommodation among 

some buildings. On the other hand, heat losses that are peculiar to the system occur. In this paper, heat losses with the 

system are examined in experiments with a small-scale test bed. As a result of the experiments, heat losses with the system 

are classified and made trial calculations. It is shown that heat loss to heat capacity of the thermal storage tank is the most 

in heat losses with the system. 
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Figure 1 Packet 

 
Figure 2  Thermal Packet Transportation 
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Figure 3  Small-Scale Test Bed 

Figure 4 Unit   

Figure 5 Supply and Evacuation 

Figure 6 Loop Circulating 

Figure 7 Reception 
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4.  
4.1.  

3 Table 1 A3→A4→A1
No.2

No.3 No.2

Table 2
 

Table 1 Experiment Condition 

Thermal 
Storage Tank 

(A4) 

Branch 
Pipe (A4) 

Packet Initial 
Temperature 

Environmental 
Temperature 

No.1 24  24  7  24  

No.2 7  24  7  24  

No.3 7  7  7  24  

Table 2 Setting Condition 

 Supply Demand Evacuation 

A3→A4 A3 A4 A1 

A4→A1 A4 A1 A3 

4.2.  

Equation 1
No.1 Figure 8 Figure 9  

 
A4

0
 

4.3.  
4.3.1.  

Figure 10 Equation 2 Equation 3
Equation 4 Equation 5

 

 
 1  

 

=  Equation 1 

 Dimensionless Temperature (-) 

 Initial Packet Temperature (K) 

 
Figure 8 Temperature Response(A3→A4)

 

Figure 9  Temperature Response(A4→A1) 

 

 
Figure 10 Heat Loss and Gain with the System 
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Equations of Heat Loss and Gain 
, , ,   

=  Equation 2 
   

=  Equation 3 
   

=  Equation 4 
 ,   

=  Equation 5 
  Heat Loss (kJ) 
  Heat Gain (kJ) 

(c )w  Specific Heat of Water (kJ/m3 K) 

  The amount of Packet (L) 
  Environmental Temperature (K) 

  Temperature of Packet (K) 

G(t)  Flow rates (m3/s) 

(t)  Measured Temperature (K) 
(c )ac  Specific Heat of Thermal Storage Tank (kJ/m3 K) 

  The amount of Thermal Storage Tank (L) 

  Temperature of Thermal Storage Tank (K) 

 

 
Figure 11 Comparison of Heat Loss with Inflow into Unit(A4) 

 
Figure 12 Verification of Impact of Tank and Branch Pipe 
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Figure 11 No.1 No.2

No.2 No.3
Figure 
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Figure 13
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Figure 13 Breakdown of Heat Loss 
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An Empirical Study of Heat Loss along Hot and Chilled 
Water Pipelines in Thermal Packet Transportation 

(Part 2) Comparison of Test Bed Experiment with Simulation 
 

Yuki ASADA*1  Yoshiki SHIMIZU*1  Masatoshi NISHIOKA*1  Farnham CRAIG*1 

Masaki NAKAO*1  Minako NABESHIMA*1  Tsuyoshi NAGAHIRO*1   
*1  Osaka City University 

 

In the previous report, heat losses in thermal packet transportation are examined with a small-scale test bed. In this paper,  
we build a thermal packet transportation system simulation model and verify its accuracy by comparison with experiment. 
The control system is examined in experiments with a small-scale test bed, and thermal packet is made in supply tank and 
transport to demand tank. It is shown that this model can control the system and transport thermal packet from tank to tank. 
Also, we can show increasing system efficiency if the system grow a full-scale. 
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Figure.1 Thermal Packet Transportation 
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Figure.2
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 Figure.3

 Figure.4

 Figure.5
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Figure.2 Thermal Packet Transportation System

Figure.3 Evacuation

Figure.4 Loop Circulating

Figure.5 Reception 
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3.1

Figure.6

3.2  

Table.1,2

Equation.1

2.5m,47.5m

 

3.3

2.5m,47.5m

Figure.7,8  

Figure.7 Temperature Response 2.5m  
 

Figure.6 Thermal Packet Transportation System (Dymola) 
Table.1 Physicality Value (Small-scale) 

Table.2 Experiment Condition

 Equation.1 

 Dimensionless Temperature (-) 
 Measured Temperature ( ) 
 Initial Packet Temperature ( ) 
 Ambient Temperature ( ) 

 

 Equation.2 

 Packet Heat Quantity (kJ) 
 Specific Heat of Water (kJ/Km3) 

 Packet Volume (m3) 

Figure.8 Temperature Response 47.5m  
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Figure.9  Response Shape 2.5m

Figure.10 Response Shape 47.5m  
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1st 8th 13th 18th
week week week week

h 30 25 24 30 493
Output T1 ℃ 6.9 7.9 8.0 8.6 8.0
Input T2 ℃ 13.0 13.2 13.2 13.9 13.2
Difference ℃ 6.1 5.3 5.3 5.3 5.2
Input T3 ℃ 25.6 28.1 29.0 29.4 28.3
Output T4 ℃ 30.6 33.3 34.1 34.4 33.2
Difference ℃ 5.0 5.1 5.1 5.1 5.0

Borehole Output T12 ℃ 25.9 27.9 28.6 28.9 28.0
Difference ℃ 4.4 5.1 5.2 5.2 5.0

SMW Output T14 ℃ 27.1 29.5 30.1 29.8 29.4
Difference ℃ 2.9 3.1 3.2 3.5 3.1
Output T16 ℃ 25.3 28.2 29.2 29.7 28.3
Difference ℃ 4.9 4.7 4.5 4.1 4.5

L/min 90.0 105.4 105.0 104.6 103.3
L/min 143.4 139.9 143.6 143.5 140.6

Borehole L/min 41.0 41.2 41.2 40.6 41.2
SMW L/min 7.4 7.0 7.3 7.3 7.0
Pile-foundation L/min 93.1 92.3 93.1 92.4 92.5

period

Cooling and heating water
Heat source water
Heat
exchanger

Heat
exchanger

Cooling and heating
water

Heat source water

Pile-
foundation

Average
Temp.

Average
flow rate

Operating time

1st 8th 13th 18th
week week week week

h 30 25 24 30 493
kWh 1,147.3 971.0 923.1 1,153.4 18,520.8
kWh 305.7 272.2 266.1 332.5 5,250.9

WHP kWh 268.4 239.7 234.6 293.3 4,608.4
Pumps kWh 37.3 32.5 31.5 39.2 642.5

PCH kWh 19.5 16.1 15.7 9.3 286.3
PCD kWh 17.8 16.4 15.8 29.9 356.2

% 12.2 11.9 11.8 11.8 12.2
- 4.27 4.05 3.93 3.93 4.02

100.0% 94.8% 92.0% 92.0%
- 3.75 3.57 3.47 3.47 3.53

100.0% 95.0% 92.4% 92.4%
System

Average COP

Electric energy

Power ratio of PCH&PCD
Heat pump chiller

Operating time
Product heat amount

period

183



4
Verification and Evaluation of Indoor Environment and Energy Performance in Urban Hospital

Part 4: Water and Energy Consumption in the 1st Stage of Operation

Yoko KUMATA *1 Hideto HAYASHI *1 Hidenori YAGI *2 Hideharu NIWA *3 Naoki TAKAHASHI *3

Hiromasa TANAKA *4 Hideki TANAKA *5

*1 The Kansai Electric Power Co., Inc.   *2 Kanden Energy Solution Co., Inc.

*3 NIKKEN SEKKEI Research Institute   *4 Nikken Sekkei Ltd.   *5 Nagoya University

This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental load and

enrich the quality of cure environment. This paper shows the result of water and energy consumption of K hospital in the

1st stage of operation, using the actual operation data. Its energy was reduced by 26% from the conventional hospital

benchmark.

K

K

K
1 26

1 26 12

Table.1

25
5

27

K
4,000

26 1 26 12
Table.2

Table.1 Summary of Building

Table.2 Division and Corresponding Floors

Div. Ward
Outpatient

div.

Central
consulta-
tion div.

Supply
div.

Managem-
ent div. Kitchen

Common
-use space

Sickroom Waiting room Radiology Pharmacy Medical adm. Kitchen for Elevator
ICU Consultation Operation Disposal Kitchen for inpatient Mechanical

room staff room

18F
9-17F
8F
7F
6F
5F
4F
3F
2F
1F
B1F
B2F
Area
ratio 42% 9% 20% 4% 11% 2% 12%

e.g.

Location Osaka City
Site area Approx. 9,700m2

Building footprint Approx. 4,400m2

Total floor area Approx. 40,200m2 (1st Stage: Approx. 33,750m2)

Stories
2 floors in under ground, 18 floors on the ground

and 1 Penthouse

Structure
Reinforced Concrete, partial Steel Construction

Seismically Isolated Structure
Number of beds 400 beds
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Table.3
187 1 1 515

211 1 1 585
750

22

Fig.1
Fig.2

Fig.2 24
21

12

Fig.3 7 9

Fig.4
7 8

12 4

8

[L/m2]
Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Total Average

Potable water 149.1 152.5 159.6 156.5 132.8 130.4 144.1 143.5 131.7 138.7 150.7 175.5 1,765.2 146.9
Non-potable water 16.6 17.6 18.5 21.5 34.8 37.8 25.3 11.2 40.4 38.8 26.3 21.4 310.1 26.7
Make-up water for

cooling tower
8.1 6.8 11.0 11.0 6.1 11.3 29.7 31.8 9.9 4.6 11.0 11.1 152.4 13.1

Subtotal 173.7 176.9 189.1 189.1 173.8 179.5 199.0 186.5 182.0 182.1 187.9 208.0 2,227.7 186.7
31.3 28.8 31.0 27.7 16.8 14.4 29.7 39.8 10.1 17.1 25.6 29.6 301.9 24.6

205.1 205.7 220.1 216.8 190.6 193.9 228.8 226.4 192.0 199.2 213.5 237.6 2,529.6 211.3
Recycled water

Total

City
water

Fig.4 Non-potable water usageFig.2 Annual ratio of potable water usage

5074 5097
5440 5293

4483 4401
4865 4854

4454
4682

5097

5906

0

1000

2000

3000

4000

5000

6000

7000

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

Po
ta

bl
e

w
at

er
us

ag
e 

[m
3 /M

on
th

]

Ward Outpatient div.

Central consultation div. Supply div.

Management div. Kitchen

Common-use space Low story section humidification

High story section humidification Hot-water

Fig.1 Divisional potable water usage

Fig.3 Number of inpatients and potable water usage per inpatient

Table.3 Water usage

Ward, 21% Outpatient div.,
1%

Central
consultation

div., 8%
Supply div., 6%

Management
div., 4%

Kitchen, 24%
Common-use

space, 3%

Low story section
humidification, 8%

High story section
humidification, 4%

Hot-water,
21%
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Fig.6 Power consumption and power demand

Fig.7 Power consumption classified by use
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Experiment on horizontal falling-film heat exchanger using high viscosity falling-film 
 

Hiroki KITANO*1  Masatoshi NISHIOKA*1  Masaki NAKAO*1 
Farnham CRAIG*1  Minako NABESHIMA*1  Masaki NOMA*2 

*1 Osaka City University   *2 Metal Techno Co.Ltd 
 

It’s needed to maintain digestion tank 55  in digestion process of digestive sludge. Digestive sludge has high viscosity, 
so its property has been never cleared. In this study, we experiment using water and two viscosity alginic acid Na, evaluate 
over-all heat transfer and heat-transfer coefficient from the falling-film. Over-all heat transfer is high as rate of flow is large 
and viscosity is low. We compared experimental value with estimate value of heat-transfer coefficient from the falling-film. 
Experimental value was pretty different from estimate value because inside heat resistance is very larger than outside. 

 
1  

( 55 )

( )  
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2.1  

Figure 
1
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Figure 2 Table 1

 
 

Estimated formula of heat-transfer coefficient from the liquid film side 
Formula of Hofmann  

155.0

46.031.0535.0

535.0
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)/(
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205.0
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kC
D
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h

hhh
f

 (1) 

Formula of Jacobi 

Droplet 
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2

32
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oh
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sgDNu  (2) 

Jet 
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32
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Sheet 
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2

32
14.028.0 PrRe378.1

oh

oh

D
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 3/12

/
g

Nukh hf
 (5) 

Symbol about formula (1) 

hf Heat-transfer coefficient from  the falling-film side 

 [kcal/(m2hK)],m Flow rate of the unit width(one side)[kg/(mh)], 

D0 Outside diameter of heat transfer pipe[m],Ch Specific heat of the 
falling-film [kcal/(kgK)], h Viscosity of the falling-film 

 [kg/(mh)], h Density of the falling-film [kg/m3],kh Rate of 

conduction of heat of the falling-film [kcal/(mhK)],g Gravity 

acceleration [m/h2] 
Symbol about formula (2)~(5) 

Nu Nusselt number[-],Re Reynolds number[-],Pr Prandtl 

number[-],s Interval of pipes[m], hf Heat-transfer coefficient from  

the falling-film side [W/(m2K)], kh Rate of conduction of heat of the 
falling-film [W/(mK)], kinematic viscosity [m2/s],g Gravity  

acceleration [m/s2]
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Figure 1 Section of the pipe and elevation view of HEX 

 

Figure 2 Experimental equipment 

 
Table 1 Measurement item 

Measurement item Symbol Unit 

Cold fluid inlet temperature Tci  

Cold fluid outlet temperature Tco  

Hot fluid inlet temperature Thi  

Hot fluid outlet temperature Tho  
Flow rate of cold fluid Mc kg/s 

Flow rate of hot fluid Mh kg/s 

 

Table 2 Experimental conditions 

Kind of the 
falling-film 

Viscosity  
of the falling 

film[Pas] 

Flow rate  
of the falling 

film [kg/s] 

Flow rate of 
jurisdiction 

[kg/s] 

Water 0.00065 
0.12~0.60 0.12~0.60 

Medium viscosity 0.0173 

High viscosity 0.245 0.12~0.40 0.12~0.40 

 
Table 3 Physical properties value of liquid 

Physical properties value Symbol Value Unit 

Specific heat of liquid  film Ch 4178 J/(kgK) 

Density of the falling-film  h 992 kg/m3 

Rate of conduction of heat of the 

falling-film 
kh 

0.628 W/(mK) 

Specific heat of jurisdiction fluid Cc 4183 J/(kgK) 

Density of jurisdiction fluid  c 998.2 kg/m3 

Rate of conduction of jurisdiction 

fluid 
kc 

0.602 W/(mK) 

Viscosity of jurisdiction fluid c 1.0 ×10-3Pa s 

0.65m

1.058m
0.031m0.034m

0.012m

coT

hiT

hoT

ciT
hM

cM
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Used symbol  
Qc Acquired calorie from the jurisdiction[W],Cc Specific heat 

of jurisdiction fluid[J/(kgK)],Ko Over-all heat-transfer 

coefficient in standard of outside surface[W/(m2K)],A Heat 

transfer area of outside[m2], Tlm Logarithmic mean 
temperature difference [K], hi Heat-transfer coefficient from 

inside[W/(m2K)], kc Rate of conduction of jurisdiction fluid 

[W/(mK)],Di Inside diameter of heat transfer pipe [m],kp

Thermal conductivity of the pipe[W/(mK)],KL Over-all 
heat-transfer coefficient in unit length[W/(mK)] 

 

  

 
Figure 3  Experimental value of over-all heat-transfer coefficient 

 

Figure 4  Heat-transfer coefficient from the falling-film side(Water) 
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(12) a,b
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2)X.Hu and M.Jacobi(1995) The Intertube Falling-Film Modes: 

Transition,Hysteresis,and Effects on Heat Transfer  
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Figure 5  Heat-transfer coefficient from 

 the falling-film side(Alginic acid Na) 

 

 
Figure 6  Heat-transfer coefficient from 

 the falling-film side(Bentonite) 

 

 
Figure 7 Heat resistance from surface of the pipe 

 

 

Figure 8 Approximating curve for experimental value 

 

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

0.00 0.10 0.20 0.30 0.40 0.50 0.60

He
at

-t
ra

ns
fe

r c
oe

ffi
ci

en
t  

fr
om

 th
e 

liq
ui

d 
th

in
 fi

lm
 si

de
[W

/(
m

2 K
)]

Flow rate of the unit width(one side)[kg/(ms)]

Experiment(medium) Hofmann(medium)
Jacobi(midium) Experiment(medium)
Hofmann(high) Jacobi(high)

0
500

1000
1500
2000
2500
3000
3500
4000
4500

0.00 0.10 0.20 0.30 0.40 0.50 0.60He
at

-t
ra

ns
fe

r c
oe

ffi
ci

en
t  

fr
om

 th
e 

fa
lli

ng
 -f

ilm
 si

de
[W

/(
m

2 K
)]

Flow rate of the unit width(one side)[kg/(ms)

Experiment value Hofmann Jacobi

0
0.0005

0.001
0.0015

0.002
0.0025

0.003
0.0035

0.004
0.0045

0.09 0.19 0.25 0.31

He
at

 re
sis

ta
nc

e[
m

2 K
/W

]

Flow rate of the unit width(one side)[kg/(ms)]

Inside heat resistance Outside heat resistance

Water

Medium viscosity

High viscosity

191



Fig.1 At home time of all answer 

Table1 
Frequency of cooling 

 
 

Air-Conditioner Use Effects on Sleep Quality in Summer 
-Residential Performance and Sleep Maintenance and Fatigue Recovery Factors- 

 
      

      
 

Yusuke NAKAYAMA*1    Noriko UMEMIYA*1    Tatsuya SAKANE*1 

     Jun-ichiro ARAI*2    Tomohiro KOBAYASHI*1    Yoshiki TACHIBANA*1 

*1  Osaka City University    *2  Daikin Industries, Ltd 
 

A questionnaire survey was administered to assess the effect of living environment and cooling use on sleep quality. 

1) Sleep quality is affected by the Thermal performance evaluation; it consists of “Residential heating performance” 

“Residential cooling performance” and “Sunlight and solar radiation heat from windows” 2) In Factor II (Sleep 

Maintenance), the “un-Use Side” is affected by the Thermal performance evaluation. For the “Use Side,” the effect is 

mitigated. 3) In Factor IV (Fatigue recovery), the “un-Use Side” is not affected by Thermal performance evaluation. 

However, the “Use Side” is affected by the Thermal performance evaluation. 
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Figure 4 Factor  Score by ”Effect by cooling” 

Fig.3 Factor  scores by heating performance evaluation 

Fig.2  Factor  scores by sunlight evaluation 

Figure 4 Factor  Score by ”Effect by cooling” 

Fig.4 Factor  scores by cooling performance evaluation 

Table2 p-values of multiple comparisons of OSA scores 
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Fig.5 Dozing off compared by heating performance evaluation 

 Fig.6 Quality of getting sleep compared by heating performance evaluation 

Fig.7 Degree of sound sleep compared by cooling performance evaluation 

Fig.8 Dozing off compared by cooling performance evaluation 

Table5 p-values of uniformity tests on Factor scores Table6 p-values of uniformity tests on Factor  scores 
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Fig.10 13
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sound
sleep

Degree of
dozing off

Quality of
getting to

sleep

Waking up
during
sleep

Depth of
sleep

Residential heating performance 0.6106 0.0055 0.0423 0.8301 0.5905
Residential cooling performance 0.1383 0.0918 0.0709 0.2959 0.8549
Sunlight and solar radiation from window 0.0373 0.1418 0.0615 0.4056 0.1245
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sound
sleep

Degree of
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Quality of
getting to

sleep

Waking up
during
sleep

Depth of
sleep

Residential heating performance 0.8225 0.1281 0.2539 0.8696 0.667
Residential cooling performance 0.1658 0.105 0.5831 0.2558 0.985
Sunlight and solar radiation from window 0.5304 0.7263 0.1802 0.8649 0.2841
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Fig.9 Quality of getting sleep compared by cooling performance evaluatiom 

Fig.10 Degree of sound sleep compared by Sunlight evaluation 

Fig.13 Depth of sleep compared by Sunlight evaluation 

Fig.11 Dozing off compared by Sunlight evaluation 

Fig.12 Quality of getting sleep compared by Sunlight evaluation 

Fig.14 Feeling compared by heating performance evaluation 

Fig.15 Fatigue compared by cooling performance evaluation 

Fig.16 Feeling compared by cooling performance evaluation 
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Air-Conditioner Use Effects on Thermal Environment and Sleep Quality in Bedrooms during Summer 

-Analysis of University Students in Osaka- 

Yoshiki TACHIBANA*  Noriko UMEMIYA*  Tomohiro KOBAYASHI*  Jun-ichiro ARAI** 

Tomohiro KOBAYASHI*Yusuke NAKAYAMA* 

*Osaka City University**Daikin Industries, Ltd 

This survey compared This survey compared an air conditioner use day and a non-use day with the temperature actual 

survey of the bedroom of the summer about temperature and thermal sensation and quality of the sleep from a questionnaire. 

1)An air conditioner use day is higher in outside temperature, and OSA score is high. The comfort and room temperature do 

not have a difference. 2) On the air conditioner use day, relations of a sound sleep degree and OSA score are weaker. 3)On 

the air conditioner use day, room temperature and a comfort and room temperature and the relations of the sound sleep 

degree are weaker, and room temperature and the relations of the acceptability have nothing to do with the use of an air 

conditioner use day. 4)On the air conditioner use day, the relations of OSA and the relations of the t acceptability are stronger.

 
 1. 

1
2 3)OSA

4)OSA

2. 
11 2014

6 18 25 10 27 9 5
6 9 17 24 9 -1

10
30

OSA
MA

4 16
16 1)

2)

3) 4)
5 5

4 7
4 3

 Table1 Subjects and measurement seasons

 

 
 3. 

fig.1

fig.2 fig.3
25.7 27.2 25.4

26.5
27.7 25.7

3 8

51.2
8.2 15.9

Subject Early
Summer

Mid
Summer

Late
Summer

no.1
no.2
no.3
no.4
no.5
no.6 ×
no.7 × ×
no.8
no.9 ×
no.10 × ×
no.11 × ×

○: measured 
: partly measured 

×:not measured 

196



23
24
25
26
27
28
29

6
19

6
20

6
21

6
22

6
23

6
24

6
25

8
27

8
28

8
29

8
30

8
31

9
1

9
2

9
3

9
17

9
18

9
19

9
20

9
21

9
22

9
23

9
24

9
25

Te
m

pe
ra

tu
re

[
]

Date

Average Room Temperature[deg.C]

Average Outdoor\ Temperature[deg.C]

Early Summer Mid Summer Late Summer

0 20 40 60

An Air Conditioner Use Of Rate

An Air Conditioner Use Of Rate In
Bedroom

Window Opening Rate

Sleeping Rate

Rate[%]

0 20 40 60

Rate[%]

Thermal sensation

0 20 40 60 80
Rate[%]

Comfort

30

35

40

45

50

55

60

65

70

0

5

10

15

20

25

30

35

08
/2

7 
00

:0
0

08
/2

8 
00

:0
0

08
/2

9 
00

:0
0

08
/3

0 
00

:0
0

08
/3

1 
00

:0
0

09
/0

1 
00

:0
0

09
/0

2 
00

:0
0

09
/0

3 
00

:0
0

H
um

idly[%
R

H
]

Te
m

pe
ra

tu
re

{d
eg

.C
]

Time
Room Temperature{deg.C] Outdoor Temperature[deg.C]
Humidly[%RH] Air Conditioner
Stay Sleep
Window

2.6
30.6 49.8 55.5

11 54 15 27
4 48

3.2
fig.4

3.2.1 48.6
30.0

42.3
3.2.2 59.5

59.2
63.5

3.2.3 65.8
29.6 4.6
60.2

39.8 91.6
8.4

3.2.4

47.8 45.7
44.2

30
3.3
3.3.1  fig.5

3.3.2 fig.6

3.4 OSA OSA     
fig.7 OSA

45.5 48.1
OSA

fig.2Average indoor and outdoor  

fig.4 Frequency distribution of evaluation (continued) 

 

fig.3Time rate according to the season 

fig.1 xample of room temperature and the life action; 

197



40

45

50

55

O
SA

Sc
or

e(
Sc

or
e

Subject

0 10 20 30 40 50

Rate[%]

Sleeping State

0 50 100
Rate[%]

0 20 40 60 80 100
Rate[%]

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
fig.7OSA score of each subject 

 
4. 
4.1  fig.8

24.6 23.4 (p .0050)
22.6 21.4

(p .0020)
1.2K

fig.9
1.2K 1.1K 0.9K

0.9K (p .1197)

4.2 OSA fig.10 OSA 45.5
48.1 47.9 50.2

44.1 48.0
OSA 3.9

2.3 OSA
p .0233 p=.3905
4.3 OSA fig.11

OSA
OSA (p

.0659) OSA
OSA

OSA 52.0
45.0

OSA (p .0062)
OSA (p .1718)

OSA

4.4 OSA fig.12 OSA
OSA (p

.0578) OSA 50.4
47.4 41.7

37.3 OSA
(p .0001) (

) OSA OSA
1) 2) 3) 4)

5) 1)
2)~5) 1) OSA
1) 1) 2)~5)

1) OSA

4.5 fig.13

(p=.6733)
25.2 25.7

26.4 26.3
(p=.064) fig.14

OSA .26( p=.0383) OSA

5.
179

OSA

fig.15 1
26.5 8.2% 30.6

27.7 15.9 49.8 25.7 2.6
55.5 2)

3) 1.2K OSA

4)
OSA

Mid Summer 45.5 Late Summer 48.1 

fig.4 Frequency distribution of evaluation (continued) 

fig.5 Ratio of 'Comfort'  
in each TS category  

 

Comfort 

 
Acceptability 

 

0 50 100
Rate[%]

Acceptability

fig.6 Ratio of 'Acceptable' 
     in each TS category
 

198



44 46 48 50 52 54

Acceptable

Sometimes
Not

Acceptable

OSA Score[Score]

24 26 28

Very Good

Good

Slightly
Bad

Very Bad

Average Room Temperature At 
The Time Of Sleep[deg.C]

30
35
40
45
50
55
60

21 22 23 24 25 26 27 28 29 30 31

O
SA

 S
co

re
[S

co
re

]

Average Room Temperature At The 
Time Of Sleep[deg.C]

5)

OSA  
 
 
 
 
 

 
 
 
 

 
 

2012 

P173-176 3

10: 401-409, 1999 

 

20 21 22 23 24 25

 Outside
Temperature

OutsideTemperature
At The Time Of

Sleep

Temperature[deg.C]

20 22 24 26 28 30

Early
Summer

Mid
Summer

Late
Summer

Room Temperature At The Time Of 
Sleep[deg.C]

40 42 44 46 48 50 52
OSA Score[Score]

44 46 48 50 52

Comfortable

Slightly
Unconfortable

 Uncomfortable

OSA Score[Score]

30 35 40 45 50 55 60

Very Good

Good

Slightly Bad

Very Bad

OSA Score[Score]

30
35
40
45
50
55
60

21 22 23 24 25 26 27 28 29 30 31

O
SA

 S
co

re
[S

co
re

]

Average Room Temperature At The 
Time Of Sleep[deg.C]

 
N=2  

 
N=2  
N=17  

 
(N=8) 
(N=36) 
(N=9) 
(N=20) 

 
N=2  

 
N=2  
N=17  

 
(N=8) 
(N=36) 
(N=9) 
(N=20) 

An Air Conditioner Use Day
R=-.122

An Air Conditioner Non-Use Day
R=-.2555

Comfort 

 
Thermal sensation 

 

Sleeping State 

 
Sleeping State 

 

 

 
 

(N=14) 
 

(N=10) 
 

 
 
(N=60) 

 
(N=9) 

 

Acceptability 

 

fig.8 Average outdoor Temperature  fig.9 Average room temperature of each season  fig.10 Average OSA score of each season 

 
N=1  

 
N=5  
N=6  
(N=2) 
N=29  
(N=4) 

(N=21) 
 (N=17) 

(N=5) 
 

(N=1) 
 

 
N=2  
N=4  

 
N=6  
(N=23) 

 
 

 (N=10) 
(N=48) 

fig.11 Average OSA score in each category 

 

fig.13 Average room temp. 
 in each category of sleeping degree 

 

 
fig.14 Relation between room temperature and OSA score                     fig.15 Relation among room temp., 

thermal sensation, and OSA score 
 

42 44 46 48 50 52

Mid
Summer

Late
Summer

Summer
Total

OSA Score[Score]

fig. 12 Average OSA score in each category  
of sleeping state  

199



 
 

Workplace Productivity and Comfort in Outdoor Workspace 
(Part1) Experimental Outline and Environmental Characteristics of Target Workplace 
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In recent years, one of the key issues of the workplace is merging and reorganizing workplace spaces to reduce overhead 

and improve efficiency. To realize improving the intellectual productivity and comfort, we suggested plural distributed 

workspaces as previous reported. The purpose of this study is to compare the evaluation of productivity, comfort and 

satisfaction between ordinary workspace and exterior one. 
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1.　はじめに
　環境省の CO2排出削減対策強化誘導型技術開発・実
証事業の一環で、屋内オフィスの環境負荷低減とワーク
スタイルの改革を目標に、執務空間として屋外オフィス
を提案している。ワーカーの知的生産性は、作業空間の
使いやすさ、環境特性（温熱・光・視・音・空気質・風）、
空間の印象等の影響を受けており、作業の内容や媒体に
より最適な作業環境は異なると考えられる。第一段階と
して、2013年１）秋に、環境特性が知的生産性に与える
影響に絞り被験者調査を行い、設置時期や設置場所の工

屋外ワークスペースの知的生産性及び快適性に関する研究
（その２）場所選択と作業環境についての主観評価　

○樋口　彩子（大阪大学）
　甲谷　寿史（大阪大学）　
相良　和伸（大阪大学）
　野崎　尚子（竹中工務店）

山中　俊夫（大阪大学）
桃井　良尚（大阪大学）
黒木　友裕（竹中工務店）
藤原　邦彦（竹中工務店）

 The productivity at work is affected by the environment around, such as thermal environment, impression of the space, the distance 
����������	
��
���
�����������������	��
��������
��	�������
�����	����������
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�����������������	����������
���������	������
by using subjects was conducted to confirm degree of the relation of each element to the productivity. This paper focuses on 
questionnaire survey.

Workplace Productivity and Comfort in Outdoor Workspace 
(Part 2) Subjective Evaluation on Comfort and Place Preference

　Ayako HIGUCHI*
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Fig. 1  Schedule on a day

Fig. 2 The concept of the working 
　　environment questionnair
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schedule in each task 

schedule in each task 

Table 1  Items of the questionnaire on selecting seats

Table 2  Items of the questionnaire on working environment 
夫により、屋外ワークスペース (以下WS）の
利用価値はあるという知見を得た。そこで 2014
年度は屋外ワークスペースに焦点を当て、被験
者に複数のタスクを課し、周辺環境が各作業の
知的生産性に与える影響を調査した 2）。（その２）
である本報では、被験者調査で行った、アンケー
ト調査について述べる。

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
4
7
7
7
7
7
7
7
7
7
7
4
7
7

7
7
7
7
7
7
7
7
7
7

204



Table 3  Score of each seat by each task

2.　調査概要
　2.1　実験概要
　大阪市内の既存オフィスビルの屋外WS（屋外ブース
施工）と 20階WS（屋外と対照的な空間として環境を
一定とした会議室）の 2か所で被験者に複数のタスクの
試験・アンケート調査を実施し、同時に各場所での環境
実測を行い、周辺環境が試験成績に及ぼす影響を検討し
た。被験者は 1日 6人× 2グループ (A,B)× 4日間の計
48名の大学生男女であり、参加は一人 1日のみとし各
日異なる被験者とした。タスクは「収束的思考」・「拡散
的思考」の２種類を「紙面」・「PC」の 2種類の媒体で課し、
計 4種類とした。室内でタスク練習後、実施場所の順序
による差を相殺するため A・Bの 2グループに分け、そ
れぞれのグループが各作業を 20階WSと屋外WSで交
互に実施した（Fig. 1）。
　2.2　アンケート概要
　アンケートはタスク前（屋外のみ）とタスク後の 2種
類実施した。タスク前の「場所選択アンケート」はタス
ク・媒体の種類により、好まれる場所が異なるかを把握
するため実施し、各座席を自由に体験させた上で、ある
作業を想定した際に好む（適切と思われる）座席と重要
視した項目を回答させた。タスク後の「作業環境評価シー
ト」と称するアンケート内容に関して、知的生産性に影
響を与える要素を大きく、「機能性」「環境特性」「印象」3）

の 3要素に分類できるとした。それら 3要素が全体的な
作業のしやすさや総合満足度にどのように影響するのか
を把握することを目標にアンケート項目を決定した。ま
た 2か所で同タスク後に、どちらの空間が好ましいかに
ついて選択肢で回答させ、その理由について自由に記述
させた。作業環境評価シートの概念図を Fig. 2に、具体
的な作業環境評価シート項目と評価軸を Table 1に場所
選択アンケート項目と評価軸を Table 2に示す。
3.　場所選択アンケートの結果と考察
　場所選択アンケートによる各座席（Fig. 3）の得点を
Fig. 4に、タスク別の点数を Table 3に示す。集計は 1位
の座席を 3点とし、1位（3点）～ 3位（1点）で得点
をつけ人気の高い座席を調べた。
　全体として座席６D、３Ｄ、３Ａの順に好まれる。こ
れらの座席の共通点は、緑を向いていること、間仕切り
の庇があることで、ビルからの視線が気にならず、暑い
時間帯に比較的日射を防ぎ、寒いときに風を防ぐことが
魅力的なのではないかと思われる。タスク別に見てもそ
れほど結果は変わらなかった。全体的に 6Dの人気が高
いが、特に紙拡散では圧倒的な人気である。
　Fig. 5は重要と考える項目のタスク別集計である。タ
スクによる違いはあまりみられないが、拡散思考では収
束思考に比べ、景観・開放性の重要度がやや高かった。
全体としては、日ざしと画面（紙面）の文字の見やすさ
が重要度が高く、次いで空間全体の明るさ、風環境、そ
のあと景観、開放性、机の明るさ等が求めらる。にぎわ
い、音環境、他の座席との距離などは重要度がやや低い。
4.　作業内容評価シートの結果と考察
　4.1　総合評価
　総合満足度と「機能性」「環境特性」「印象」の各総合
満足度のタスクごとの申告率の集計結果を Fig. 6に、単
回帰分析による相関関係を Fig. 7に、重回帰分析の偏相
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Fig.8   Relation between 
total satisfaction and each items 

に比べ、やや良い評価である。作業のしやすさ・許容度
でも拡散タスクの方がやや評価が良い。また重相関分析
結果より屋外WSは環境特性が非常に相関が高いが、20
階WSのように環境の安定した場所では印象・機能性に
も相関が現れ、タスクによる違いが顕著となる。収束タ
スクでは環境特性・機能性、拡散タスクでは機能性・印
象の相関が高い傾向にある。Fig. 10に各満足度の重要度
と満足度の関係を示す。タスクによる違いは顕著ではな
いが、収束タスクの方が拡散タスクに比べ、環境特性に
おいてやや改善の必要ありに寄っている。
　3.2　環境特性の評価
　全体的な総合快適性に最も影響を与える環境特性に
ついて、各環境要素が環境満足度に与える影響（Fig.
11）をみると、屋外WSでは光・温熱・風の影響が大き
く、環境が安定した 20階WSでは空気・音が影響して
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 Fig. 10 Relation between importance and satisfaction 

くる。Fig. 12各環境特使の重要度と満足度の関係を示す。
改善の必要があるのは PC/収束―光と温熱と音、紙 /収
束―温熱と風、PC/拡散―風、紙 /拡散―温熱と風であ
る。ただし各環境特性ごとの重要度と満足度の関係（Fig.
13）を個別にみると、屋外に関しては光・温熱・風は全
てのタスクで改善に寄っている。音のみタスクにより挙
動が異なり、収束タスクでは改善が必要だが、拡散タス
クはあまり改善の必要がなく、拡散思考では音は作業の
妨げになりにくいといえる。
　3.4　好ましい空間について
　Table 4にどちらの空間が好ましいかについて選択肢

Fig. 7  Relation between total satisfaction and each satisfaction

Fig. 6 Comparison of each satisfaction
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20

関係数を Fig. 8に示す。また
総合満足度と作業しやすさ・
許容度の申告率の集計結果を
Fig. 9に示す。「機能性」「環
境特性」「印象」では環境特
性が総合満足度と最も相関が
高い。また傾向として、拡散
思考タスク、収束思考タスク
各々同士が類似した評価とな
り、申告率の集計結果をみる
と、拡散タスクが収束タスク
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で回答させた結果を示す。また選択の理由についても自
由記述させた。その結果、収束タスクでは圧倒的に 20
階WSが好まれるのに対し、拡散タスクでは半数弱の被
験者が屋外が好ましいと回答している。しかも屋外WS
が好ましいと回答している被験者は、温熱や風環境が快
適といえない厳しい環境で、環境に不満である場合も多
かった。厳しい環境にも関わらず、拡散タスクで屋外が
好ましい理由としては、緑が見え、開放的な場所の方が
取り組みやすい、集中しやすかった等の意見が挙げられ
た。屋外のように様々な刺激がある方が、想像力を掻き

��������������	������������������
����

4.　まとめ・今後の予定
　屋外WSに焦点をあて、複数のタスク・媒体により、
作業内容に応じたワークスペースの設計手法の検討に資
する知見を得ることを目的とした被験者実験を行った。
その結果、媒体よりも拡散・収束思考により、作業に適
する周辺環境は異なり、特に創造的な思考においては屋
外のように様々な刺激にさらされた空間の方が適する可
能性があるという知見が得られた。今後はさらなる実験
により、屋外ワークスペースの改良やより詳細で正確な
設計指針を確立させる必要がある。
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立てられ、拡散思考のような作業に取
り組みやすいといえる。ただし、拡散
思考であっても静かで落ち着く 20階
WSを好む場合も多く、好みの場所に
は個人差がある。しかしタスクによっ
ては屋外WSの利用価値は大いにある
といえる。
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Workplace productivity and comfort in  outdoor work space 
Part 3 workplace productivity  

  
  
  

 Tomohiro KUROKI*1 Toshio YAMANAKA*2 Hisashi KOTANI*2 
Yoshihisa MOMOI*2 Ayako HIGUCHI*2 Naoko NOZAKI*1 Kunihiko FUJIWARA*1 

*1 Takenaka Corporation *2 Osaka University 
 

A subject experiment in the “divergent community space” to evaluates workplace productivity was conducted.  
Correlation with productivity and environment and impression in each spaces was investigated.  
We found that  outdoor environment sometimes increase the creativity performance, but sometimes decrease the 
workability by uncomfortable  illuminance, wind or temperature.  
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Prediction of Thermal Sensation 

 during Human Thermal Load Change by Irradiation and Exercise 
    

 

 

 

Kenta KASHIHARA*1  Kazuki TSURUNAGA*1  Takashi KAWABATA*2   Yasuhiro SHIMAZAKI*3 

Takanori YAMAMOTO*4   Shinichi KINOSHITA*1  Atsumasa YOSHIDA*1 

*1  Osaka Prefecture University    *2  Kansai University   

*3  Okayama Prefecture University    *4   Technology Research Institute of Osaka Prefecture 

    

Irradiation and metabolic rate are greatly changed with time in outdoor. It is required to develop the unsteady thermal 

sensation prediction model during human thermal load change by irradiation and exercise. In the present study, the subject 

experiments were performed under the unsteady state to examine the relation between the physiological action and the 

psychological state in summer. Three conditions were considered as follows: (a) only irradiation change by artificial 

lighting and solar irradiation, (b) only metabolic rate change by exercise load, (c) both irradiation and metabolic rate 

changes. From a multiple regression analysis for these measured data, the prediction equation for the thermal sensation 

was proposed under the irradiation and the metabolic change. 
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Fig. 1 Experimental protocol of irradiation change
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Fig. 9 Temporal change of actual and predicted thermal sensation on 

radiation change condition 

 
Fig. 10 Temporal change of actual and predicted thermal sensation on 

metabolic change condition 

 
Fig. 11 Temporal change of actual and predicted thermal sensation on 

radiation and metabolic change condition 
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Measurement of Thermal Environmental Factor and Evaluation of Human Thermal Sensation and 
Psychological Effects under Woods Canopy and beside Greening Plant 

 

 

 

Kazuki TSURUNAGA*1 Atsumasa YOSHIDA*1 Shinichi KINOSHITA*1 

Kenta KASHIHARA*1 Shoko HASHIDA*2 

*1 Osaka Prefecture University *2 Meisei University 

 

In order to investigate the relationship between thermal environment and psychological responses, we examined the 

psychological responses of human in greening and reference places. We found that greening places reduce thermal loads 

and give psychological relaxing effects compared to reference place. Psychological state was tending to be affected by 

surrounding environment, for example existence of buildings, or magnitude of sky factor in the space. 

 

1  

 

 

  
 

2.  
2.1  

(1) (1)  
Fload = M – W + Rnet – C – E (1) 
Fload [W/m2] M [W/m2] W

[W/m2] Rnet: [W/m2] C
[W/m2] E [W/m2] 

 
2.2  

POMS POMS

(2) 
(0 ) (4 ) 5

30 (Tension-Anxiety)
(Anger-Hostility)

(Depression-Dejection) (Vigor) (Fatigue)
(Confusion) 6

5
 Total Mood Disturbance(TMD)

 

SD (3) SD
7

 
 

3.   

POMS SD

3  
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Fig.1 Measured results of human thermal load 
 

 
Fig.2 Results of total mood disturbance 

 

  
Fig.3 Results of semantic differential technique 
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Fig.4 Results of total mood disturbance 

 
 

 
Fig.5 Total mood disturbance under tree canopy 

 

   
Fig.6 Semantic differential technique under tree canopy 

 

 
Fig.7 Total mood disturbance under sunlight 

 

 
Fig.8 Semantic differential technique under sunlight 
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(c)   
1

2

 
Table.1 Ratio of premises woods: reference 

 
Table.2 Difference of premises woods: reference 
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Fig.9 Semantic differential technique into premises woods 

 
Fig.10 POMS into premises woods 
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Period

Place
Somatometry  Height , Weight , Body Fat etc.

 Ta (0.1m , 0.6m , 1.1m , 1.6m) Tg (0.6m)
 RH (0.6m) Wind Velocity (0.6m)
 Cold/warm threshold
 Skin temperature (Thermography)
 Oral temperature Blood pressure

Psychological
responses

 Thermal sensation/comfort vote etc. 

 Record of clothing
 Questionnaire of Winter sleep and bedroom

 a day from 13 February to 26 February 2014 

Measurement

Environment

Physiolosical
responses

Other

 11 elderly males live in Nara-Pref.     aged 69-87 Average 75.25
 12 elderly females live in Nara-Pref.  aged 65-81 Average 72.75
 Laboratory in Nara Woman's University 5F

Subjects

Period

Place
 Beside pillow air-temperature/relative humidity
 On bed (nearby back) Ta/RH 
living room  air-temperature/relative humidity
 Body Movement
Oral temperature Blood pressure
 Record of a day behavior (before) 
 Thermal sensation/comfort vote etc.  (before/after)
 OSA sleeping questionnaire virsion of MA 

Measurement Physiolosical
responses

Environment

Psychological
responses

Subjects

 6 days from 13 February to 3 March 2014 
 11 elderly males live in Nara-Pref.     aged 69-87 Average 75.25

 In their house ( living room and bed room )
 12 elderly females live in Nara-Pref.  aged 65-81 Average 72.75

Day 6
Noon Night Morning Noon Night Morning Noon Night Morning Noon Night Morning Noon Night Morning

 Body Movement
pillow air-temperature/ humidity

 living room  air-temperature/humidity
 Oral temperature Blood pressure, Vote

OSA-MA

Day 4 Day 5Day 1 Day 2 Day 3

 
Survey on Daily Thermal Environment and physiological  

and psychological response of the elderly in winter 
 

     

 Miku YORITA*1  Hiroko KUBO*1  Norio ISODA*1    

Michiyo AZUMA*2 Naomi SASSA*3

*1 Nara Women’s University  *2 Kio University  *3 Mukogawa Women’s University 

 
It is reported to be much death incidences in the winter season occurrence. It is suggested that the indoor temperature 

has important relation to the death rate. The purpose of this study is to clarify their thermal sensation by measuring 

cold/warm threshold and the actual condition of climates in winter at subjects’ houses and measured their blood-pressure 

and activity. The results were as follows: Many participants felt their thermal conditions to be warm and comfortable, 

although the air-temperature of living room and bedroom were especially low and they might be stressed physically.

 

 

 
 
 
 
 
 

 

Table 2 Outline of the field survey 

Table 1 Outline of the experiment 

Table 3 Schedule of the field survey 
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Fig. 1  Cold/warm threshold 
 (difference of skin temperature) 
The marks indicate mean value of each 
group,and horizontal bar is standard deviation.

Fig. 2 Winter Change of bedroom air temperature 
during sleep 

Fig. 3 Summer Change of bedroom air temperature 
during sleep 
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Fig. 4  Thermal comfort vote at evening and morning 

Fig. 7  Mean blood pressure at evening, morning and daytime 
Left : bed room  Right : living room 

Fig. 6  Thermal comfort vote in the laboratory 

Fig. 5  Thermal comfort vote at daytime 

(1)thermal Comfort Vote (2)thermal Sensation Vote

     (2)thermal Sensation Vote 

(1)thermal Comfort Vote          
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Fig. 8  Oral temperature at evening, morning and daytime  
Left : bed room  Right : living room 

Fig. 9  OSA  Sleep Inventory Scale (OSA) 

Fig. 10  Relationship between bedroom air-temperature 
 and  OSA 
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at 1 minute intervals

at 10 minute intarvals

5 minute elgomater

 
A Study on Thermal Comfort of Young Male and Female in Winter 

 
 

 Yuri KATAYAMA*1  Hiroko KUBO*1  Yuri TANAKA*1

Shin-ichi SHIKII*2   Koichi KUSUKAME*2

*1 Nara Women’s University  *2 Panasonic Corporation 
 

To investigate thermal comfort in winter, we measured skin temperatures, rectal temperatures, thermal sensation votes and 
thermal comfort votes of the subjects. ALL subjects were exposed to four different conditions in a climate chamber as indoor 
temperatures in winter. Both on men and women, mean skin temperatures in the afternoon were higher than those of in the 
morning. Men’s mean skin temperature was higher than that of women, both in the morning and in the afternoon. Thermal 
sensation votes were linearly-related to SET*, but for when heavily clothed in the morning and in the afternoon. 
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Table 2 Subjects characteristic 

Table 1 Outline of the experiment 
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Fig. 14 thermal comfort SET*  
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Fig. 15 thermal sensation thermal sensation(instep)  
(1)morning (2)afternoon 

Fig. 16 thermal comfort thermal comfort(instep)  
(1)morning (2)afternoon 
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