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e e, Regional Supply of Energy from Small Scale Biogaslénts -
A . . . .
5 % Discovering Alternative Heat Markets in Denmark
}‘}4’,% Rikke Lybaek and Tyge Kijeer
E)Jg

Abstract— This paper argues, among other things, that lodabas Combined Heat and Power plants (CHP) that
distributes district heating should have first pitg when selecting a distribution option, if a caent winter and
summer heat market can be identified. In this vieyemergy will be produced and consumed locallir Wigh energy
efficiency and environmental benefits as a consaecpieDue to long heat market distances, or duenlaeady
saturated local heat market, this might not alwhgsan opportunity. In such situations it is beriafito look at other
distribution options. The supply of e.g. non-upgmdity gas to households, and upgraded biogaseématural gas
(Ngas) network, were found to be feasible in suthatons. It is further concluded that non-upgrddéiogas
distributed in separate gas networks is an optiimarily for industry, to cover process heat demsnTo support
such distribution options new stakeholders like d\gad energy companies, as well as industry, asdea in the
future. As far as governmental support is conceritad, for example, important to promote and istigate alternative
heat markets to support the development of newbgasters and to provide funding for initial anakysdf the
possibilities for implementing biogas facilitiesthin local communities, all of which would suppat further
development of the biogas sector.

Keywords— Biogas, Combined heat and power (CHP), Denmark,istrict heating, heat markets, renewable energy.

Denmark accounts for 30 m. tons, but only six pentc

1. INTRODUCTION of this amount is digested. The political focus the
biogas technology has been strengthened in reeamsy
and the government’s targets for biogas have isecka

Today, the political target is to digest 50 % oé th
manure before 2020, which will contribute to anrgge
production of approximately 20 PJ [3]. This willopide
a reduction in C@ emissions corresponding to
approximately 580,000 tonnes annually [1].

There are currently 21 centralized biogas CHP plans
Denmark that receive livestock manure from several
connected farms, primarily from pig and dairy cow
farmers, as well as organic waste from industry and
households to increase the gas production. Denaiaok
host approximately 45 farm biogas plants, which are

located at a single farm and most oft.en based arurea Apart from the CQ® emission reductions there are
from al Ial;ge stocklof slaughtered plgz. Apart frts  goueral  other important environmental  benefits
several biogas plants are operated on wastewatefsqqciated with biogas, which emphasize the retmvan
treatment plants, digesting sludge from the clegnin ot yingag as a valuable technology in a forthcoming
process. Hence, 5,8_ b"?gas plants_are connecte@tt_er W' transition of the energy supply. Production of kisdnas,
treatment, 26 to utilization of landfill gas, anddlly six for instance, the ability to transform organic veast

indu_strial plants digesting S_|Udge fror_n, for exaenpl  aterials into valuable resources for society, tiljzing
medical and food manufacturing industries [1] & [2] waste from animal livestock or organic waste from

The gas is primarily used for CHP production, ,,sehold, industry etc. The generation of wasta is
providing elec_tncny to the grld_ and district hef to large problem globally, and challenges with
local communities. Biogas distributed on the nédtges overproduction of organic wastes from industry,

(Ngg?) network, by mel?ns O{ upgradeld biogas, "Simlr:i  agriculture and household, are commonly observkd [4
its infancy in Denmark. Only one plant injects smal “cenirajized biogas plants digest agricultural sash
amounts of upgraded biogas from a wastewater tegatm Rape oil and seed, soybean, corn residues, frudt an

facility,_ and gnother is operated as a pilpt planta vegetables residues this emphasizes the plantbitibpa
centralized biogas plant. The total production GBS, , "re_circulate nutrients. Furthermore, the followi

mainly from centralized biogas plants, equals Bdror —i,qstrial waste products are often applied toptiats:
around 0.5 % of the total national energy consuompti Fish residues, different waste from food industries

[1]. . ) . flotation grease, and intestinal contents from
The annual production of livestock manure in slaughterhouses. Again, other plants also digegmic
source separated food waste from kitchens and easite
This research was funded by the Bi Seslamion # from e.g. Copenhagen. The organic waste is hence re
ERDFIS—12—OO72, vthe Eu Foné/ fo? Rg)geigﬁ;?yDe?/aeg?rﬁgnd cycled in the biogas plant toget.her. with manure €l
Vaekstforum Zealand. biogas technology can thus assist in re-circulateents
Rikke Lybaek (corresponding author) and Tyge Kjaer with the ~ from organic waste back to the soil, instead ofieiin

Department of Environment, Technology and Sociabigs, Roskilde a Danish context - main|y incinerated, or dumped in

University (RU), House 9.2, P.O. Box 260, 4000 Ridek Denmark. : ; ; ;
Email: rbl@ruc.dk; Phone: +45 46745857; Fax: +45 46743041. landiills which are commonly applied in several
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European countries and elsewhere. Thus, the volfme enhance the framework conditions for biogas to eupp
the total waste will decrease, just like nutrieni be such new distribution options? Thus, the following
re-cycled, which can increase the fertility of gl [2]. research question is posed:

Nutrients in the fertilizer will also be more ditbc How can dissemination of the biogas technology be
assessable for the farm crops, as the chemical $bifts enhanced on Zealand, and how can new stakeholdérs a
to ammonium when the manure has been digestedOAn 8governmental support move the biogas sector forwvard
% uptake of nitrogen is observed for digested manas
opposed to 70 % for untreated manure. This meaats th 3. METHODOLOGY

the risk of nutrient pollution to rivers, lakes agbund First id . f the bi disti
water reservoirs are reduced. Also, unpleasant sodor IrSt we provide an overview ol the biogas dist
options by looking at alternative ways of using the

connected with distribution of manure on the fields ) LT :
decrease by as much as 30 %. As the digested manurl%,logas produced; e.gh for dls_tr(ljbutlon of fh|gh dod
receives a declaration of its content of nitrogen, témperature process heat to industry, or for torage
phosphorous angotassiumiit enhances the options for to Ngas standard to be supplied on the gas netenrk
controlling and regulating the distribution of riatits on used for transportation purposes. An option CO‘F"""
farmland even further [5]. example, be to distribute _thg energy as non-upglraqy

The manure also undergoes a sanitation proces®in t gas to households, or d'St”.bUte it in separategipy
eactr tank mearing hat pahgen organims,gan  TeC1 Of 3 ocaly establahed gse newor i e
seeds are eliminated, which reduces the risk afasping ) : o L -
diseases between farms. The degradation of hazardoJ'®W heat markets, |dent|f_|ed within local commugsti
substances like for instance PAH (polyaromatic could also be an opportunity. .
hydrocarbons) - which increase the risk of canéer, Second, we present the case studies conducted on

genotoxic, and can damage fetuses and the abiity tZeaIand to illustrate new distribution options. W@l
have chiI(;Iren - can also be significant reducedthsy exemplify t_hese distribution o_ptions taking ourr_nod)f
biogas process [6]. Almost 100 % degradation ohsuc departure in three case studies. Each case widl e

substances was found through experiments made o tilized to examine several different distributioptions,
centralized biogas plants in Denmésk ollowed by a specific choice in the context exasain

and an outline of the selected plant concept inotyds
benefits, etc. Third, the emphasis is put on new
2. PROBLEM AREA & RESEARCH QUESTION stakeholders and their future role in the biogastose
In order to harvest the many benefits associatén wit Finally, we suggest how to enhance the governmental
biogas, as described above, it is important tha& th framework conditions for biogas to promote the
technology is disseminated throughout Denmark; anddissemination of the new distribution options pregub.
more extensively on Zealand. This paper therefore
presents and discusses how the utilization of siagm 4. BIOGAS DISTRIBUTION OPTIONS
be enhanced within municipalities on Zealand, which
lack manure potentials compared to mainland Jutland
The quantity of manure is thus lower and the catatitm
area larger, due to longer distance between farfns o
relevant size. The existing distribution options lidogas
have so far been to establish 1) co-owned cenéliz Heat & gas supply
biogas plants for supplying electricity to the gadd
district heating to a local heat market (households
well as 2) smaller farm biogas plants supplying Existing centralized biogas CHP plants typically
electricity to the grid and heat to farmhouse aablss. distribute heat to a local market of heat consunbsrs
The main stakeholders in the biogas developmere hav means of district heating. The size of the market\cary
primarily been farmers wanting to treat their lited&k  greatly from a few hundred customers to several
manure in biogas plants, to receive back a moreaté  thousand dependent on whether the district heating
fertilizer for their crops. The biogas sector Hasyvever,  network is a smaller local network, or connectedato
not evolved for several years and barriers likek lat |arger conventional network in the region_ The mgm'e
financial loan opportunities, low profitability, fliculties often established with municipal loan guarantiag tb
in locating large centralized biogas plants, arzklaf  their contribution to the municipal heat supply.
gas boosters (organic waste) enhancing the gak yi@é  All centralized biogas CHP plants in Denmark are
hampered a further development. established as conventional plants, and thus not as
Thus, alternative distribution options and inclwsiof  organic plants. In some areas the concentration of
new stakeholders in the biogas development could bQ)rganic farms are relatively high, among others on
beneficial. This, in combination with enhanced Zealand, and it is therefore interesting to focustlee
governmental framework conditions, could push the options for implementing an organic centralizechpl®
biogas sector forward. But which new distribution provide organic crop farmers with fertilizer.
options can be identifies for biogas and which new Another challenge is that existing biogas CHP @lant
stakeholders could be included in the biogas cannot allocate all heat produced during summeogsr
development? And how can the Danish governmentas the demand for primarily space-heating decreases

Figure 1 below depicts the distribution options liimgas
emphasized during this research. In the sectidolkow
we will provide examples of some of the distribatio
options provided in the figure.

Local district heating network
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Newer the less, analysis show, that it is econdigica New Ngas CHP Plant:
feasible to utilize biogas for supply of CHP in dbc
communities if the demand for heat is high. By castt,

it is economically feasible to utilize the sharebadgas -
not being supplied as CHP locally - for upgrading t
Ngas if the local heat demand is limited [7]. Thifs,
alternative summer and winter markets for distignof
heat could be identified, it would be beneficial the
economy of the plants, and would increase the dvera
resource efficiency. If not, upgrading to Ngas reks
could be an opportunity.

In areas where the utilization of Ngas and an esitemn

of the conventional district heating network is raot
option, new biomass fuelled CHP plants could be
implemented, receiving gas from nearby biogasifeesl|
New biomass fuelled CHP plants will face the same
problems with lack of heat markets, as describe/ab
unless they supply energy to the Ngas networkyrifjas
from gasification of biomass and upgraded biogas ar
combusted on the plant, they will be capable of
achieving the same flexibility as fuelled by Ngadyo

Local biogas network

Direct supply of non-upgraded biogas e.g. to indaist
and residential areas by means of local biogasarksv

is an option for expanding the distribution of kasgin

the future. The location of especially industriatas -
due to the likeliness of a stable annual heat dengsn
oppose to households - can be coordinated with the
location of existing biogas plants or the locatafmew

plants. Thus, biogas can supply energy to suehsar Heat & gas _
through a local biogas network, where opportunifas — Gamea;_ e AN
extending the conventional district heating netwark ) ]
the implementation of individual renewable energy
solutions, is not an option.

Such a network of non-upgraded biogas to local heaf
consumers is not yet applied in Denmark. But culyen
a network of gas pipes for non-upgraded bioga<teP
production is being established in Ringkabing-Skjer
Municipality. From several smaller livestock farriwe
gas will be piped to a larger Ngas CHP plant inahes,
distributing CHP to the local community (see more o
alternative biogas designs etc. in [2]). Moreowergas
pipe for non-upgraded biogas will be establishedia City gas:
(diary company), which uses large quantities of Nigma
their production of milk powder, which will be coented
to biogas [8].

Ngas CHP
Plant

Alternative
markets

Upgrading
facility

Industry
process heat

Fig.1. Biogas distribution options and case focuses
Alternative markets

The utilization of biogas from animal manure etor f
distribution as city gas is not yet applied witlidanish
municipalities, but could be a future supplementity
Ngas CHP Plant gas coming from Ngas. Supplied as city gas, themoi

- . need to upgrade the biogas to Ngas standardse astyh
Existing Ngas CHP Plant: gas is thin (49 % Ngas and 51 % atmospheric aj)tdJ
Biogas is also supplied to (motor-engine) Ngas CHP30 % biogas can be added without technical probiems
plants in which the gas is combusted for elecyrieind the households, like the flame stopping, whichassed
heat production. The heat is thus distributed bamseof by a high content of COn the biogas.
a larger conventional district heating network, gymg The gas quality is, however, not only determined by
a greater area or region with heat. In coming yesaey  the content of methane, as the biogas will havéeo
Ngas CHP plants will convert to solar energy ommgs  cleaned for hydrogen sulfide and ammonia beforéngix
such as wood pellets etc., as the cost of Ngas willwith Ngas [9]. The distribution of biogas suppliasl city
increase, due to changes in taxes put on fossil fuegas in Denmark is limited and only municipalities i
utilization. It is therefore possible to substittile use of  Aalborg and Copenhagen offer this opportunity ts ga
Ngas with biogas within existing Ngas CHP plants. costumers’. Here, the biogas is produced on wasézwa

The total efficiency of Ngas CHP plants and biogas treatment plants digesting sludge. There is hence a
CHP plants are highest on the first, as they cqusathe potential market for distributing biogas to theycgas
heat production to the heat demand and vary thedistribution networks within municipalities on Zeab
electricity production, due to the flexibility oh¢ Ngas  utilizing the already established network.
system. On centralized biogas CHP plants the efficy
are hence lower, due to heat losses during summe
periods where the local heat market is limited. Dua Transport:
constant supply of manure from livestock farms, alahi
are only reduced by 15-20 % during summer peritigs,
flexibility on biogas CHP plants are lower thus and
surplus energy (heat) is therefore produced [7].

Ppgrading facility

Biogas for transportation is still in its infancyn i
Denmark compared to for example Sweden and cuyrentl
there are only three Ngas stations for vehiclddlttheir
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tanks with conventional gas. A large municipal or
company vehicle fleet could however motivate pevat
stakeholders to become interested in providing aghen
and pressurized biogas for transportation purposes;
the municipality of Copenhagen or a large privaei t
company. This could potentially create a market for
biogas or a mix of Ngas and biogas, as opposed t
conventional gas.

The well-distributed gas network in Denmark (see
below) can thus provide the basis for an infrastmecof
gas stations throughout the country [10] & [11].
Currently, however, there are no gas stationsgtatide
biogas in Denmark, but only three Ngas stationsntyg
established. However, within the next year or sewa
biogas stations, will eventually be introduced bivate
stakeholders like energy companies [11].

Ngas network:

As seen, biogas can also be upgraded and cleaned
Ngas standards for distribution on the widespregds\
network, distributing energy to household and itiduys
etc. To achieve Ngas standards biogas has to baede
for CO, and pressurized etc. Today, biogas can be
certified by the governmental organization in Derkna

named ‘Energinet.dk’, who guaranties that the gas.

substitutes fossil fuel like Ngas and thus resulsupply
of CO, neutral energy. The certification makes it
possible for the energy consumers to track down th
origin of the biogas all along the supply chain. fao
only one Danish energy company, DONG energy,

produces and distributes upgraded biogas to thes Nga

network [11].

The challenge regarding upgrading for transpontatio
and distribution on the Ngas network is however the
price, which ad up to 0.5-1.00 DKK (0.067-0.13 €}he
total production price. Thus, only where local nesk
for biogas CHP cannot be identified - or surplusrgg
is produced - it would be favorable to upgradeltiogas
for distribution to a larger market.

Industry process heat
High and low temperature process heat:

Another future opportunity for utilizing biogas Wih
municipalities on Zealand is to substitute the afs®ssil
fuels like Ngas or coal etc. in industrial manufaitg.
Thus, a large industrial application using e.g. Nfar
high temperature process heat, could thus conedhe

5. BIOGAS STAKEHOLDERS

So far the Danish biogas development has beenreente
around farmers, who has been the main drivers in
implementing the technology, supported economically
by municipalities through cheap public loans (mipat

Aoan guarantees with an interest rate of four pentc

p.a.). Some municipalities are however reluctant to
provide such loans, due to bad experiences witledai
biogas projects, e.g. Nysted biogas plant. It isyédver,
important that this ‘Danish-model’ of implementing
biogas plants, which distributes heat in local
communities, supported by the municipal heat plagni

is continued.

If the dissemination of the biogas technology amel t
use of biogas in the energy system should expand
further, new stakeholders are however needed in the
future. Private companies, e.g. Ngas companiegjldho

e active in upgrading biogas for distribution a@fsgn
Re Ngas network, and to provide biogas for
transportation purposes. Ngas companies are therefo
also likely to actually establish biogas plantsetmable
ownership of the entire production chain. This
development is in it infancy, but already seen andh,

where an Ngas company has engaged in the
implementation of a biogas plant in Jutland.
Manufacturing industries too should look for

opportunities for converting fossil fuel fed bodewith

iogas for process heat generation as seen inathe af
Arla producing milk-powder in Ringkabing-Skjern. ih
could be through the supply of biogas from a nearby
biogas plant, or by implementing a biogas planthat
company itself digesting organic waste, e.g. from
slaughterhouses, sugar factories, breweries andr oth
types of beverage and food manufacturing industries

The existing pattern of ownership within the Danish
biogas sector - with privately co-owned centralizi
well as farm biogas plants - will thus be challesthgethe
future, if a larger market for and distribution libgas
should be achieved. This also includes the puldatcs
(municipalities), where alternative ways of distrimg
biogas should be provided in the future. The use of
biogas as city gas is an example for the futureyelbas
distribution of public supported non-upgraded boga
separate biogas networks for heat purposes. In the
following section we will exemplify some of these
distribution options previous outlined, by meangtote
case studies conducted on Zealand.

use of non-upgraded biogas substituting Ngas. The
energy produced on biogas CHP plants could also b&. BRIEF PRESENTATION OF CASES

supplied as district heating to cover lower tempee
process heat demands, also here substituting thefus
fossil fuel for process heat generation.

It would be beneficial to identify local industriakat
markets as future distribution option for biogashisT
could be the industry that uses heat, primarilyirdur
summer periods, like in some agricultural or hatigral
businesses. It could also be industries with sezadi
annual heat consumption, complying better with the

Data used in the following section are from the £201
research report conducted by the authors titled:
“Opportunity analysis of biogas distribution optson
Zealand & The future role of municipalities in protimg
biogas” (see ref. [12]).

Case 1: Organic biogas plant in Lejre municipality

Distribution options:

production of gas on biogas CHP plants. In this wayAs indicated in Figure 1 there are three distrifnuti

larger markets for heat will be available all yeaund
and also during summer periods.

options for Case 1. The options are as followgh&)use
of non-upgraded biogas in a local gas network sjimpg!
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households with biogas for heating purposind 2) the
production of CHP in a gas engine for distributioh
electricity and district heating, or heat only bgams of ¢
heat boiler, and 3) supply of biogas to an upgm
facility that upgrades it to Ngas standards, ands
supply the biogas to thexisting Ngas network

Choice of energy supply:

A minimum of 5 m. mbiogas should be produced on
annual basis to deal with the investments in amagigg
facility. As the suggested plant only produ 3.7 m. m3
biogas annually, it is not considered a feasiblatgm in
this case. Distribution of nowpgraded biogas |
households through a local biogas networks res a
steady heat market all year round, as it is proaten-
both technically and economicalt to store the biogas
over longer periods.

The supply of norupgraded biogas directthrough a
local biogas network is howeveampered by lack of
sufficientheat market in the case area. The actual
demand in Kirke Hyllinge is 9,500 MWh of Ng but
the generated biogas will provide 22,900 M heat
only. Thus, there is a surplus of biogas for the |
market in Kirke Hyllinge. A traditional plant conuE

Supply of manure

Supply of energy crops

Supply of different biomass

Supply of energy crops

= N:568 t., P: 140 t., K: 275 t. _I

38,000 t. digestate

= N:237t,P:81t,K:140t. _l

Fig.2. Biogas plant in Kirke Hyllinge.

109,000 t. digestate

where the biogas is converted to hand power by
means of a gas engine is therefore sed in this
specific case, leading to a heat production of QQ
MWh and a power output of 8,800 MWh annu: The
proposed supply of energy is illustrated in Figa:
below.

Plant concept & benefits:

- The plant concepis a traditional CHP plant wit
supply of electricity and heat, a

- Is operated as basead for a more favorable plant
profitability, thus

- The energy needs of the local community is med
with the capacityf the technology

- The biogas plant substitutes the use of Ngas ir
local community

- The plant facilitates an increase in organic fagmim
the local community on Zeala

- The use of ragrass are suggested, but several ¢
types of local ga boosters are identified like industr
waste and agricultural residur

- The fertilizer (digestate)has high value for farmers
due to nitrogen content and is easy distributed
farmland.

Fig.3. Biogas |lant in Harlev / Varpelev-horticulture.
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Supply of manure

Manure from pig
> & cattle
(211,000 t.)

Biogas plant

270,400 t.

Gas pipe

—_—

N:1,293t, P:311t.,K:625t.

bi .
Supply of different biomass En;:)gr;lisrzd'
. . 114,240 MWh
> Organic materials
(58,900 t.) |

257,166 t. digestate

Fig.4. Biogas plant in Tuse.

Case 2: Biogas plant in the towns ¥arpelev- Harlev
Distribution options:

There aretwo distribution options for Case 2. T
options are as follows: 1) production of CHP by n&
of a gas engine distributing power to the grid disdrict
heating through an existing or new district hea
network, or 2) supply of energy to a local intry
substituting orsite consumption of fossil fuels for Io
temperature process heat.

Choice of energy supply:

The energy production is estimatasl beincsufficient to
provide energy to both cases examined; to a di
heating network supplying heat ¢idizens of Harle and
to substitute the use of a coal fired boiler forat
production at Varpelev horticulturélhe biogas plar
will produce 22,300 MWh electricity distributed dine
power grid and 28,700 MWh heat, which partly wié
used for distrit heating supplied to the town of Har
(primarily during winter) and partly for low temperatu
process heat to Varpelev horticultuj@uring summer)
They producgomatoes and cucumbers in greenhot
The company will additionally produce heat fronlar
heat collectors and fromombustion of wood chips, 1
which some of this heat also will be supplied taleN
by means of district heating network from the comp:
when surplus occuThe energy system is depicted
Figure 3.

Plant concept & benefits:

- The plant is a traditional CHP plant with supply
electricity and heatwhere

- The heat market is matched to the local context,

- Alternative heat markets provided la horticulture
requiring heat in summer periods, this

- Supply of low temperature process heat to ind

- The biogas plant is operated as blasel, and

- Substitutethe use of Ngas and coal in the lo
community and industry

- Straw and grassom grass seeds are identified in
local community and could be supplied as gas bos

- A valuable fertilizer is produced like in tl
previously case.

Case 3: Biogas plant ithe town ofTuse
Distribution options:

There arethree distribution options for Case 3. 1
options are as followsl) the use of biogas for CF
production with supplyf electricity to the grid and he
by meas of district heating, or = distribution of biogas
as city gas substituting Ngas, or 3) upe biogas to
Ngas standards for supply in the gas network suitisig

Ngas.

Choice of energy supply:

The large city near TusenamedHolbaek - is currently
supplied by Ngas, which is used for heating
households in individual installationheat boilers). The
high production of biogagrom the suggested pl;
which totals 17.7 m. m3nakes it economic feasible
upgrade it and distribute the gathrough a gas pipe - to
the city of Holbaek, where thenergywill cover half of
the existing heat demand based on Ngas. Alterrgti
and less cost full, the biogas can simply be clédoe
hydrogen sulfide and ammaenbefore mixed wh Ngas,
and then distributed as city g cooking in Holbaek.
Both options are therefore viahle the case of Holbeek,
and they provide opptunities for achieving higtCO,
emission reductions.

Even though a part of the biog- with a future
expansion of the supply of district heati- could be
utilized for district heating purposes also, theriediate
selected distribution options are here to upgrdus
biogas to Ngas standards for heatingposes, and to
clean and distributéhe biogas as city gas. When -
district heating network is expandfurthermore, energy
from biogas can be supplied this w Figure 4 above
illustrates the proposed energy supply sys

Plant concept & benefits:

- Productionof city gas or/and upgraded gas to
Ngas system is proposed in this case, due to lakical
heat markets, but

- Due to an expansion of the district heating sysie
the future, it will be possible to

- Supply district heating to households in winterd

- Upgradebiogas to the Ngas network during sumt
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periods

- The flexibility of biogas as energy carrier isishused
to facilitate a transition period from Ngas to didt
heating in the local community

- Biomass boosters like deep litter, straw and ggsis
are identified in the local community, and if espég
the latter are applied,

- A valuable fertilizer is produced due to the high
content of nitrogen.

Case discussion and highlights

Besides the production of energy on biogas CHRigatpl
- supplying energy to local communities as eleitjrito
the grid and district heating to local communities,

amounts of nitrogen, which is favorable when appiyit

on farmland later on as digested fertilizer. Du¢ht dry
matter content obtained (below 10-12 % TS), theact
distribution of the fertilizer is easy. Besides thgtion
and benefits of using grasses, the cases also #faiw
manure from mink and deep litter can be utilizedd a
that waste from agriculture, like straw, as well as
industrial waste are assessable; the latter howaver
limited amounts.

All cases showed environmental benefits as far@s C
emission reductions and the production of valuable
fertilizer. The case of Tuse however also prove tha
centralized biogas plant based on organic farmiaig c
support the development of organic farms on Zealand

substituting the use of Ngas etc. - the cases als@®ven more, and thus assist in limiting the oveaaibunt

highlights the opportunity of identifying new types
heat markets. The cases show thatisitpossible to
identify alternative heat markets that are vitat fbe
plant profitability. This was shown by the distrttmn of
district heating to a horticulture company requgrimeat
during summer periods, where supply of low tempeeat

of pesticides, fungicides etc. used in Lejre mypatty.
Currently, there is lack of organic manure that para a
further development of organic farming on Zealand.

The cases further proved that new stakeholdersighou
engagein biogas development, as the need to upgrade
biogas will occur in the future as distribution iopt

process heat (district heating) was suggested. SuchVhere the local heat market is too small or already
markets are hence assessable and should be idéntifi saturated, etc., it is important to be able to aggrto the

more thoroughly in the future. In situations where
alternative summer heat markets are not availalaled-
surplus energy occur - it would be possible to apgr

Ngas system. The supply of non-upgraded bioga#ys c
gas was also identified as a distribution opti@guiring
new stakeholders to engage. Thus, Ngas companées an

the biogas to the Ngas network, and hence suppmy thother energy companies could play a role in prowdi

energy to the national network.

In addition to the heat markets identified above w
suggest the following alternative heat markets dpein
supplied by heat from biogas plants during summe
periods: Other types of agricultural business, Bkgar

industries using large amounts of heat during summe

periods when processing sugar beet. The heat edsid
be used during summer periods for drying fractiohs
municipal waste. Thus, fractions for incineratiomot
being digestible - could be dried during summer thsn
and incinerated during winter periods, and the we
fractions however immediately supplied to biogasts.

Alternatively, the heat could be supplied to answle
swimming pools requiring heat to provide a comfolda
water temperature. On an annual basis, but to @rmin
extent, the heat could also be supplied as hotrviate
washing machines and dishwashers in householdsilthat
rely on electricity to produce hot water. This abul
instead be supplied by means of district heatinghls
way the energy efficiency will increase, and the
machines will avoid heating elements that are k#dc
by calcification.

The cases also illustrated that it is possible &ici
the local energy demand with the plant capacity, that
the biogas plant should be operated as base-loadier
to achieve a favorable plant profitability. If pealeat
demand is required,

fuelled boiler or solar energy. All cases show taisses
can be applied to the biogas plant, hence avoitiagise
of food products (maize and beet which are trad#io
gas boosters) to boost the gas production.

Emphasis was put on ray-grass, but clover grass an

lucerne could also be an option. These grassesderav
high gas yield, and at the same time they contaigel

it should be covered by an
alternative energy source, for example a small wood

such upgrading services.

7. FRAMEWORK CONDITIONS

The newly increased construction grant is most
beneficial for the biogas sector that faces verghhi
construction costs, hampering favourable plant
profitability. We, however, suggest that the comstion
grant - when not fully utilized, as is currentlyppeening

- should be used to provide cheap municipal loan
tguarantees. The expected support to biogas uséihwit
industry and for transportation purposes is alsoy ve
beneficial. Support for biogas used in industriighly
relevant, as it facilitates the development of ldoeat
markets. Thus, these framework conditions suppwt t
new distribution options outlined.

We further propose that the 10 and 26 DKK/GJ (1.33
and 3.46 €) become index-regulated, and thus folleav
general economic trend. Otherwise, the operatipgpat
will not be worth much due to the relatively high
inflation currently seen. The electricity price shbalso
follow the Ngas price, as the increasing gas prices
eventually will de-value the price of electricitghdeved
at the plants. In addition to the suggestion abdke,
following initiatives could be provided by the
government to support the biogas sector:

The government could also provide financial support
for initial surveys and analysis of possibilitiesr f
implementing biogas plants in local communitiesisTh
type of support is for instance provided for wintdsi
and has proved beneficial. In addition to thisafioial
support for implementing local biogas networks rion-

pgraded biogas could be very useful. The biogas ca

us supply energy to industry and households pbasi
out Ngas or other types of individual solutionsdzhsn

r
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fossil fuels. This will support new heat markets fo the biogas technology.
biogas within local communities, and thus enharee t Departing from the case studies conducted, we argue
profitability of the biogas plants implemented. We that local biogas CHP plants should have first nisio
further suggest that the government support a mapgi when selecting distribution options if a sufficient
alternative heat markets within the Danish comniegit  (summer and winter) market for heat can be idertjfas
which could be conducted by municipalities, andultes the energy will be produced and consumed locally,
in a more local and non-upgraded distribution andfollowed by high energy efficiency and environménta
consumption of the energy where possible. benefits. It is, however, not obvious that all #wergy

Where this is not possible, the Danish governmentcan be distributed locally by means of CHP, dutim
should require decentralized Ngas CHP plants to beheat market distances or due to a saturated hekema
obliged to use and thus purchase biogas from awyear In such situations it is beneficial to look at athe
biogas plant. This would create a larger market fordistribution options, as mentioned above. Distiirutof
biogas, but still, however, be connected to a sedso non-upgraded biogas in separate gas networks dmild
need (reduced demand during summer periods). Thusan option to e.g. households, but most beneficitdly
the expected governmental support related to upggad industry for process heat purposes.
of biogas to Ngas standard - to be utilized within The cases highlight that upgrading of biogas to the
industry and for transportation purposes etcthésefore  Ngas network during summer periods could be a new
also important for creating additional markets. distribution option if local heat markets cannotfbend.

Besides carrots and sticks, the government may als@&reenhouses requiring heat during summer periods an
engage municipalities on a voluntary basis in thesugar factories processing beet during the warnmsenn
dissemination of the biogas technology, by elaliogat etc., can for instance provide alternative heatketar
on its benefits. Much more must be done in order toThere are, however, no unified solutions and each
provide and distribute knowledge of the effectbioigas context will have to be exanimated separately in
within local communities. Thus, the biogas sectarusd collaboration with e.g. neighbor municipalities fiod
not only be promoted by rules, regulation and eactno  the optimal solution.
support etc., but definitely also by the many bisef The government has enhanced the economic support to
associated with the technology such as how it lisnef biogas compared to previously, but there is stiltad to
the climate, water resources, and the benefitsradatay enhance the framework conditions for biogas inousi
farmers through better crop nutrients etc. Locaksand ways, e.g. index-regulate the economic support{tBad
long term jobs are also created and new taxpayer@nd 3.46 €/GJ), and have the electricity priceofslthe
provided. Ngas price. The support to biogas within industrg &or

We suggest that governmental officials and greentransportation purposes is highly relevant for
organisations, together with the biogas branchdisseminating the new distribution options propogsed
organisation, including farmers etc., provide sewsn this research. The government should also, very
and conferences conducted in each region or withinimportantly, assist in providing alternative gaosters,
specific municipalities where the potential for g is  preferably grasses with multiple benefits for thaunal
very high. Courses should be provided to local environment, which can also support the foundatan
politicians and planners within municipalities dnidgas  organic farming. The government could assist in
networks across municipal boarders should beplanning how such resources should be harvested and
established. Visits to biogas plants and study rizdée  shared between the regions in Denmark to avoid
can be disseminated, and people in the branchetizhe unfavourable competition. To oblige CHP plants to

‘good story’. utilize biogas from nearby biogas plants in tha&lfmix,
can also support the biogas sector.
8. CONCLUSION We further suggest that the government fund initial

analysis of opportunities for implementing biogashin
unicipalities - equal to the fund provided for din
energy - and support the implementation of locad ga
networks for non-upgraded biogas, as well as mappin
alternative heat markets within Danish municipedti
Pivotal is also that the government provide knogtetb
municipalities about the benefits of biogas, fongson
climate, nutrients, water resources and job creakdc.
New stakeholders in the biogas sector could besiingu
r Ngas companies and other energy companies providing
upgrading facilities for supply of biogas on the asg
etwork, or for use within the transportation secto

The Danish biogas sector is currently hampered by
technology track focuses on large scale biogas CH
plants distributing electricity and heat to locahnkets,
and the fact that municipalities are reluctant tovjge
municipal loan guaranties, which limits new plabésng
implemented. The main purpose of implementing ksoga
plants has also shifted, challenging the technotoagk.
Previously, the importance for farmers engaging in
biogas was primarily to receive back digested manu
providing a good quality fertilizer [13]. Today, Wwever,
new priorities have emerged where farmers and othe
potential investors would like to gain a profit finctheir
investments in biogas. In order for this sectomtove
forward new stakeholders should therefore be iredud REFERENCES
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An Experimental Study of Lignocellulosic (Oil Palm
Residues) Pretreatments for Cellulose Extraction

Tanakorn Wongwuttanasatiagdmnat Suksri, and Kittichai Jookjantra

Abstract— This research aimed to investigate the effectiveness of the pretreatments for cellulose extraction of oil palm
residues. Steam explosion method and acid or alkaline digestion based on detergent analysis method were the
pretreatments used in this research. Four types of oil palm residues were considered: oil palm seed meal, oil palm
meal, oil palm leaf, and oil palm trunk. The effectiveness of the two pretreatments was determined by measuring the
amounts of percent cellulose extracted from all four types of il palm residues. The cases steam explosion pretreatment
provided higher percent cellulose than the acid or alkaline digestion cases did for all cases. Oil palm seed meal showed
the highest percent cellulose extracted compared to those of the other three oil palm residues for both pretreatments.

Keywords— QOil palm, residues, steam explosion, detergent alysis.

1. INTRODUCTION

Ethanol is an alternative fuel that has gained taofo
attention due to its cleaner energy compared toliges
In Thailand, ethanol production is mainly from suga

(cane and molasses) and starches (cassava, ride, ag, 9.0 9o

maize) [1]. The Ministry of Energy, Thailand had
supported the ethanol production during 2008 tol2t\
targeting the annual production capacity of 3 willi
liters. However, the current ethanol production Idou
only reach 2.95 million liters/year (1.76 millioitelrs of
molasses/year and 1.19 million liters of cassawalye
which is not enough capacity [2]. As a result, ¢hisrstill
a shortage of raw materials in the production bagol.
The conversion of food crops to biomass energy srop
also provides a risk to food security. One of tbé&eptial
raw materials other than food is lignocellulosictenls
[3]. Oil palm residues are lignocelluloses and Ugua a
form of waste from oil palm or biodiesel indust@ver
the past several years, Thai government has ergedira
farmers in the east and south of Thailand to caféoil
palm [4]. In addition, oil palm trees are usuallyt down
after 25 years due to their inability to yield pali
anymore, causing a lot of oil palm waste. Moreowdr,
palm waste is normally disposed or incinerated,ctvhi
offers a great threat to the environment. Apartnfrine
abundance of oil palm residues, the preliminarydgtu
showed that dry oil palm had a proportion of celéd up
to 37.14 % which has a high potential to be a sowfc
ethanol production [5].

In order to convert oil palm cellulose to ethartbke
structure of lignocelluloses must be digested bingis

Tanakorn Wongwuttanasatian (corresponding autherjith the
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pretreatment [6]. Umikalsom et al [7] examined the
pretreatment of empty fruit bunch by soaking imnitric

acid (HNQ) at a concentration of 0.5% by volume for 4
hours and then boiling it at 121 °C at a presstirtsdb

for 5 minutes by using the steam sterilizer. The
researchers found that the pretreatment provided
by weight of cellulose based on the gmpt
fruit bunch that had 50.4+1.20% by weight of celkd.
Rashid et al [8] found that the pretreatment ofpalm
stems by using sodium hydroxide at a concentration
3% at 100 °C for 2 hours would result in an incecsab
24.42% of cellulose. As a result, if oil palm rasig,
particularly oil palm trunk, are used as a renewabl
energy source to replace gasoline, this will redtree
shortage of raw materials in the production of etha
generate income to the oil palm farmers, and also
enhance the country’s competitiveness of renewable
energy.

This paper aimed to study the effectiveness of two
pretreatment methods: (1) steam explosion and ¢i2) a
or alkaline digestion based on detergent analysifoor
types of oil palm residues (oil palm seed meal,paiim
meal, oil palm leaf, and oil palm trunk). The amtsuof
cellulose of oil palm residues extracted from the t
pretreatment methods were measured and compared to
determine the effectiveness of each method.

2. EXPERIMENTAL METHODS
2.1 Materials preparation.

Four types of oil palm residues were considerethis
paper: (1) oil palm trunk, (2) oil palm leaf, (3) palm
meal, and (4) oil palm seed meal as shown in Fig. 1
These four oil palm residues were grounded andaut
have 0.20 mm to 2 mm in width and 10 mm to 20 mm in
length. These oil palm residues were controllethdoe
humidity less than 100% by sun drying or bakingeTh
dried oil palm residues were then chemically exagddo
determine the percent amounts of cellulose, lignin,
moisture, and ash.

11
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Fig. 1 Oil palm residues as the raw materials. (apil palm
trunk. (b) Oil palm leaf. (¢) Oil palm meal. (d) Oil palm
seed meal.

Fig 2. The oil palm residues after soaking in 0.08%liluted
sulfuric acid for 8 hours (a) Oil palm trunk. (b) Oil palm
leaf. (c) Oil palm meal. (d) Oil palm seed meal.

Fig 3. The steam explosion machine.

12

)

Fig 4. Digested residues after washed with hot watat 80
°C for 30 minutes (a) Oil palm trunk. (b) Oil palm leaf. (c)
Oil palm meal. (d) Oil palm seed.

The dried and Soakedin Digested by using the
ground oil palm [—»f 0.08%diluted [—» steam explosion
residues weight sulfuric acid machine.
150 g. for 8 hours. l
Washed with Digested
>

hot water. residues.

Fig 5. Procedure of digested residues with the stea
explosion method.

2.2 Steam explosion pretreatment

The pretreatment by using steam explosion carngdno
this paper was based on the work of Punsovon [&].al
To begin the pretreatment, 150 g of the dried andmng

oil palm residues obtained from the materials pragien
(approximately 1 mm in width) was soaked in 0.08%
diluted sulfuric acid for 8 hours. The Fig. 2 shawbe

oil palm residues after soaking. Then, the strectof
these residues was digested by using the stearosgopl
machine (shown in Fig. 3) at 203 °C for 5 minufElse
digested residues were washed with hot water &30
for 30 minutes to remove hemicelluloses as shown in
Fig. 4. The ratio of digested residues per hot watas
1:10 (in 1 L of hot water). Then, the digested dass
were dried and chemically extracted to determine th
chemical compositions in accordance with TAPPI T203
om-88 [9]. The procedure of steam explosion
pretreatment is illustrated in Fig. 5.

2.3. Acid or alkaline digestion based on detergent
analysis pretreatment

The pretreatment by using acid or alkaline digestio
based on detergent analysis carried out in thigpaps
based on the work of Goering et al [10] to begia th
pretreatment, 150 g of the dried and ground oihpal
residues obtained from the materials preparation
(approximately 1 mm in width) were boiled with a
neutral solution. Fig. 6 showed the procedure ofl wa
cells analysis with detergents method. Then, Neéutra
Detergent Fiber (NDF) was analyzed to obtain percen
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NDF as in Fig. 7. Afterward, the extracted NDF siolu
was boiled with an acid solution. Then, Acid Detarg
Fiber (ADF) was analyzed to obtain percent ADFras i
Fig. 8. Next, the extracted ADF solution was digddby
using sulfuric acid (kB0O,) with a concentration of 72%.
Then, the Acid Detergent Lignin (ADL) was analyzed
obtain percent ADL. Finally, the percent amount of
cellulose was calculated by:

Percent cdlulose

= (weight of ADF - weight of ADL)/ (1)
weight of dried oil palm residues.
residues
Boiled with a neutral solution.
Insoluble Solvable ) ) o )
—wrrs T Fig 8. Analysis of % ADF as ADF testing method.
cell (NDF)
Boiled with an acid solution. Table 1. Results of chemical extraction of oil palmesidues
Insoluble Solvable Types Of Percent WEIght (%)
Lignocellu oil palm — -
=) residues | Cellulose| Lignin| Moisture Ash
Digested by sulfuric acid (H2S05).
ADE Wt of did o p s — — ge”e%arlnn;al 28.15 | 36.49 11.40+0.068.80£0.18
xgl‘ziiﬁ:\xgs;;sidues-wugm of w Lignin & Ash Ag]c:id Insoluble, O|| palm
Pt i o Sl i " 28.22 33.23] 12.52+0.1%.72+0.28
(Weight of cellulose residues’ Weight of - meal
ADF) x 100% s
il palm .62+0.1
IO fpa 2891 | 45.22| 14.57+0.279-02%0
Ash Acid Insoluble, ATA ea 6
Oil palm
+ +
Fig. 6. Procedure of wall cells analysis with detgents trunk 29.98 33.43 10.78£0.0%8.32+0.28

method. ]
3.2 Results of steam explosion pretreatment.

According to Table 2, the highest to lowest amouwgits
percent cellulose of oil palm residues after theast
explosion pretreatment were from oil palm seed meal
(34.72%), oil palm trunk (19.55%), oil palm meal
(18.96%), and oil palm leaf (28.91%), respectivélyen
though oil palm seed meal provided the highesterrc
cellulose, its structure was the strongest, whichs w
difficult for digestion.

Table 2. The differences of percent cellulose befosnd
after the steam explosion pretreatment

Types of Before After Difference of
oil palm | pretreatment pretreatment  percent
_ o i residues Percent Percent cellulose

Fig 7. Analysis of % NDF as NDF testing method. cellulose (%) cellulose (%) before and

after

pretreatmen
3. RESULTS Oil palm 28.15 34.72 6.57%
3.1 Chemical extraction of oil palm residues. seed meal increase
According to Table 1, the highest to lowest amouwgits Oil paim 28.22 18.96 9.26%
percent cellulose of oil palm residues prior tongei | €@ decrease
pretreated were from oil palm trunk (29.98%), ailm | Oil palm 28.91 13.35 15.56%
leaf (28.91%), oil palm meal (28.22%), and oil paleed | leaf decrease
meal (28.15%), respectively. Oil palm 29.98 19.55 10.43%
trunk decrease

13
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3.3 Results of acid or alkaline digestion based on
detergent analysis pretreatment
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e, Application of Heat Insulation Solar Glass for Glas
:‘ % -
i A Buildings
}%,% Tran Thi Bich Quyen Chin-Huai Young, Bui Le Anh Tuan, and Ching-Sutgu
ﬂ_’g

Abstract— To enhance electrical energy production and improve heat insulation of photovoltaic modules (original
solar glass module), a ssmple method for installation and generation of heat insulation solar glass (HISG) modules
from traditional transparent PV modules (original solar glass modules) using heat insulation materials, improving
functions such as power generation, heat insulation, energy saving and greenhouse gas reducing. Interest in
photovoltaics (PV) integration into buildings, as well as heat insulation solar glass (HISG) be used as curtain walls on
the buildings has been developed, where the HISG curtain walls play the role of building exterior components as an
integral part of buildings as well as of producing electricity and providing functions such as heat insulation and self-
cleaning. Two experimental houses used normal glass and HISG as curtain walls on the Ordinary house and the HISG
house were constructed in this study. Results show that the illuminative penetration on HISG curtain was quietly high
with efficiency of 32%, block UV-rays to 100%, low solar radiation 40% as compared to normal glass curtain wall
(~97%), greatly enhanced indoor lighting ~29.4% and high heat insulation efficiency ~28.2% as compared to normal
glass curtain wall on the Ordinary house. In addition, the energy-saving efficiency of the HISG house for heating and
cooling were greatly improved respective to ~40% and 48% for comparisons to the Ordinary house, and the power
generation of HISG curtain wall on the HISG house was achieved 2.63 kWh of electricity per day. Our work offers a
low-cost route to the application of HISG modules able to be used for monitoring progression of the greenhouse gas
reduction, as well as evaluating their energy efficiency on buildingsin the green buildings at the current and future.

Keywords— Heat insulation solar glass (HISG), glass, HISGurtain wall, power generation, heat insulation, ensgy saving,

HISG house, Ordinary house.

1. INTRODUCTION

photovoltaics is a truly convenient methods of the
electrical energy production on site, directly frahe
sun, without concern for energy supply or environtak

In recent years, the energy crisis has prompted MaN¥arm, as well as significantly reduced amount of, G&s

countries on the world more interesting to research
renewable energy because of that can be significant
replaced traditional energy sources. Thus, eneaging
has been interested and attracted by many sceatsan
important and urgent issue due to soaring energe pr
and gradual depletion of fossil fuels resourcesstviaf

the renewable energy resources currently are &jla
in which solar energy is one of the most abundant,
inexhaustible and clean sources [1], [2]. Therefore
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solar cell, etc.., Department of Chemical EngimegriCan Tho
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emission into the natural environment (e.g., gyeatl
reduced greenhouse gas on buildings) in recensy8ar
[4].

As we known, the building integrated photovoltaics
(BIPVs) are photovoltaic materials, which are ableise
to replace conventional building materials in parftshe
envelopes or roofs in construction, as a functiqgaat of
the building structure or architecturally integdhtsto
the building’s design. Moreover, BIPVs can act as
shading devices and a semi-transparent material of
fenestration. Whereas, other semi-transparent resdul
can be used in facades or ceilings by using théess g
modules to generate various visual effects [5].idBes
the combination between original solar module athtio
glass types can be used for many goals (e.g., re-
protection, low-e insulation, sun protection or letl
proof) application in the buildings [6].

Nowadaysthe modern buildings are significantly high
raised and more energy consuming (or increased powe
energy need). However, it was required to provatgd
amount of power energy need and significant deerkas
emission of CQ gas in the environment life, as well as
how to design and construct buildings to zero energ
which was not a small challenge for the design of
buildings [7], [8]. Thus, related studies have feed on
combination methods, system improvements and
developments of photovoltaic (PV) cell materials
recently. A more clearly comprehensive approach, as
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well as feasibility study, is needed to explorehwitider (A)

areas how to use existing PV cells to reduce annual

energy consumed by high-rise buildings, as welkas Glass
conduct and energy saving for feasibility studieghie

green building [9]. Thus, to install BIPV modules o TCO

buildings suggested the consideration to otherlpros,
first, to avoid energy loss as well as waste dutimg _
stand-by mode of the power system or coming from
windows, double facades was required to use oiida gr _
connected system should be used for saving or igluc
waste of energy consumption [10]-[12]. Moreovem#s TCO
also noted that cooling load could be better thawey
generated from the PV module system if the system i
used as solar shading device [13]-[15], [8], [11].
Therefore, energy consumed by air conditioners or
heaters can be significantly reduced, and the imgjld
becomes self-sufficient in terms of power demands.

To overcome the challenges about the increasing of
power generation from BIPV system used in the green PV module
building and to reduce energy consumption of the (sethraugh type
buildings as well significantly greenhouse gas oéuy

Glass

15t Steel Frame

2nd’steel Frame

___PET film
in buildings. In this study, heat insulation solglass
(HISG) module was applied as curtawalls in the
experimental house in Taiwan. The HISG module has _ Glass

Nano

been developed successfully by Young et.al. [16jctv Photocatalyst
possessed multiple functions including power gerara .
enhancement, great heat insulation, high energingav
efficiency, good self- cleaning capability and
significantly greenhouse gas reduction on buildings

Silicon

[ ————
HISG module

(C) /g’e?/aégnalla(,'m

2. EXPERIMENTAL MATERIALS AND Seethroughm% / f/onmaze,fg/g Clags
ule
METHODS N To0=0022

2.1 Methods * Thzo

S.un SHGC =0.108 1
The structure of PV module (Tandem type) and HISG bight e T
module were shown in details as Fig. 1. In this kyor N
HISG module was applied as glass curtain wall @n th ~ * " "ov 2 tme Power neneat

experimental house, which was fabricated and desdri ghower |
more details — see the previously report [16].

Herein, we have used normal glass and HISG asFig. 1. Structures of (A) original PV module and (B HISG
curtain walls installed on the Ordinary house ahed t module (thickness ~28 mm), and (C) Scheme about fetion
HISG house, respectively. For comparisons about theheory of HISG (T sol is the solar transmittance, T vis is
iluminative penetration, UV penetration, solarieaon, (e visible light fransmittance, T UV is the W
indoor lighting ability, heat insulation (tempergeflow tSragsr_mttﬁncer,] (‘j’.HGC '?f. the so""‘(; Seatl gain Oﬁg'c'e“tl'
test), energy-saving efficiency (the energy wassoamed -C. Is the shading coefficient, an value Is titeerma

transmittance of HISG) [16].

for the heating and cooling) between the Ordinaryde

(normal glass) and the HISG house (e.g, midi lo@gle Table 1. Detail parameters of glazing curtain wall ypes
220, T340, etc...), and the power generatio

measurement of the HISG house was performed bygusin ltems Normal glass HISG
equipment of SIV-1000M for the investigation. Thickness (mm) 12 28
2.2 Materials Visible light 87% 7.15%
Heater and air conditioner devices were used ftirg | Y value (W/niK) 5.97 1.65
of saving energy consumption (i.e, SAMPO HX-YB12P:| K value (W/mK) 1.05 0.032
1250W, and TECO LT63FP1-41003), and other Shading coefficient (SC) 0.87 0.144

materials such as heat insulation film, air, aldpho

aceton, nano photocatalyst were purchased fromsAcro| Houses’ size (m) Length: 3.04; Width: 2.51;

All solutions were prepared using deionized watenfa Height: 3.17
MilliQ system. Fenestration area @n Vertical: 24.64; Roof surface:
6.16
Dimension (mm) 1400x1100
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Entire wall using HISG curtain wall dropped to O (uWﬁ)m

U =0.2925 [ W/m?*K) Moreover, the efficiency of UV isolation on norntgass

and HISG curtain walls are calculated ~76%, and’d,00

respectively. Thus, UV isolation of HISG curtain liwa

o ey used is much better than that of normal glass icuwall

on the buildings. This isolation achieved becausaito
layers (with thickness ~12 mm, there are very low U
and thermal transmittance capacities) packaged R¥th
module to form HISG module. It indicated that thg' U
isolation on HISG curtain wall is excellent and iacled

fg’fpg:z;‘z et a 100% UV-bIocking_ rate, comple_tely halting the

K=0.037  W/m*K) penetration or transmission of UV light and redgcin
harm to skin and furniture.

Indoor

Cement

Calcium Silicate
Board

K =0.15 (W/m*K)

6000
190% [0

Fig. 2. Thickness and thermal conductivity of all —~ 5000 5/280 @
. < o
elements of the external envelope of the expewental £ / 76% o
houses. £ 4000 % g 1° 5
% 1 % w4 Outside (UWicr) 2

~ N\ al gl fem?) 4
3. RESULTS AND DISCUSSION < 3000 Z a1 &
. . . = —@— Normal glass (%) =
3.1 Illuminative penetration performance of normal S 00l % —h—HISG (%) {40 2
glass and HISG curtain walls on buildings % % 1931 S
N . . L o i N 1208
As shown in Fig. 3, the indoor illumination of thESG > 1000 % & f\a
house using HISG curtain wall is 2960 Lux much lowe > z \ 0.0 o =

than that of the Ordinary house using normal glass
curtain wall to 40087 Lux. In addition, the effetilight
penetration of normal glass and HISG curtain walts
the houses are estimated about 95% and 32%
compared to outside skylight, respectively. Becatlse
visible light transmittance of HISG is only 7.15%,
whereas the light transmittance of normal gladseing 3.3 Testing of solar radiation on Normal glass and
to 87% for contrasting. HISG curtain walls

The anti-radiant solar efficiency was also perfainos
—— normal g_Iass and HISG cgrtain walls on th_e expemtaie
\gymmrmaugmss(wx) houses in this observation. As shown in Fig. 5, the
ﬂosffn{:‘;)ass o T intensity of outdoor solar radiation is measured. 103
—IHISG (%9 (W/m?), that intensity on normal glass curtain wall of
40087 inside the Ordinary house dropped to 658 (¥y/while
on HISG curtain wall of inside the HISG house that
value is very low only 28.5 (W/f And the effective
isolation of solar radiation is also calculated @0 and
97% for the using of normal glass and HISG curtain
walls in the houses, respectively — see Fig. 5.

Curtain wall types

Eig. 4. Intensity and isolated efficiency of UV peetration

a . .

on Normal glass and HISG curtain walls for comparisn to
the outside light.

8

.

&

&
8

:
:

32%

:

AUTEEEEEY
(%) Kf’ualoﬁie aArRUILINY|

Illuminative penetration (Lux)
N

2960 It demonstrated that radiant heat penetration &GH|
0- T —= o curtain wall was significantly lower and its isadt
Curtain wall types efficiency achieved to 95% as compared to that of
normal glass curtain wall and outdoor solar radrati
Fig. 3. Intensity and efficiency of illuminative paetration Thus, we can use HISG as curtain walls, as wdl|R&/
on Normal glass and HISG curtain walls for comparisnto  cyrtain wall for the replace of normal glass curtaiall
the outside skylight. on buildings due to the isolated efficiency of eatiheat

. . penetration into the room very high, which can
3.2 Testmg. of UV penetration on Normal glass and significantly reduce greenhouse gas and inside embi
HISG curtain walls temperature, and greatly saved energy consumption f
UV penetration performance on the experimental ésus heating and cooling of devices inside the houses.

was directly inside conducted at the middle pointhe

houses from 9:00 A.M. to 6:00 P.M. — see Fig. 4e Th

outdoor ultraviolet value is 5080 (uW/@nand in the

Ordinary house using normal glass curtain wall &abou

1231 (uW/cr), while that value in the HISG house
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1200 - - 100
1103 @ Outside (Wm’) ) 97%
I Normal glass (W/m')
_ 10004 B HISG (W) {80 _
NE — Normal glass (%) 8
S a0 HISG (%) 5
g 658 198
S 600 { o
= =
S 0% 440 g_
© 4004 =
S <
o {20=
8 2004 §
28.5
04 T —= 0

Curtain wall types

Fig. 5. Intensity and isolated efficiency of solaradiation on
Normal glass and HISG curtain walls.

3.4 Indoor lighting measurement of using Normal glass
and HISG curtain walls on the experimental houses

Results are shown in Fig. 6, the indoor lighting
efficiency of a light 40W at all positions of thel$G
house using HISG curtain is much higher than th#he
Ordinary house using normal glass curtain for Bght
40W used. This efficiency is obtained ~24.9% foe th
indoor lighting of the HISG house - see Fig. 6.

-S. Hsu/ GMSARN International Journal 9 (2015) 15 - 22

Fig. 7. Photograph of inside lighting on (A) the HEG house
and (B) the Ordinary house at night, respectively.

3.5 Study of the heat insulation of the experimental
houses

Thermometers were installed in the two houses. The
effect of outdoor environment related to the indoor
ambient temperature were determined during spriimg (
March) and summer (in June) seasons from 0:00 £oM.
12:00 P.M. for comparisons between indoor tempegatu
of the Ordinary house and the HISG house as shawn i
Fig. 8.

In summer, the outdoor ambient temperature reaches
the maximum temperature of 383 at 10:00 A.M.,
which gradually increases from 38%at 8:00 A.M. to

Consequently, the HISG house can be significantly37 4 and 34.8C at 11:00-12:00 A.M. and gradually

improved and enhanced indoor lighting at night,clilis
much better than that of the Ordinary house — sge7F

decreases from 1:00-12:00 P.M. in sunny day. Asveho
in Fig. 8(A), the outdoor temperature rapidly irases

That may be due to the structure of HISG can befom 7:00-12:00 A.M. and gradually decreases from

conversed and generated power energy from solaggne
with high efficiency, which is a sandwich structure
containing PV module and a metal reflection film,
leading to increased light reflection and signifita

1:00-12:00 P.M.. Fig. 8(A) also shows a high
temperature (~53-54°6) in the Ordinary house using
normal glass curtain wall from 10:00-12:00 A.M. doe
direct exposure to solar radiation, thermal conduct

house. Whereas normal glass curtain of the Ordinaryncreasing temperature inside the house. Wheréas, t

house has no light reflection film layer, the ligidurce
cause damage from outside will be easily penetriattied

indoor temperature of the HISG house using HISG
curtain wall reaches the maximum value 4@.at the

the house and be decreased lighting of devices usedyme time (11:00 A.M.), which is lower than thattieé

inside the house due to the light diffusion to @lés

Ordinary house with difference of 9®. This difference

environment more, leading to increase energy expensjs que to the HISG curtain wall has good heat aisom,

much more.

[2}
o
2}
o

HISG (Lux)
Normal glass (Lux)|

3 —
3 —o— HISG (%) &
> £
£ 404 37.5% J403
© 34.6% «
o D
] =
; =)
£ A %
= 204 K 20,
o : =
- o S
o 5 o =~
S SN

g ¢ SN SN

= o4 SN % i 0

1 2 3 4 5 6 7 8 9
Location

Fig. 6. Intensity and efficiency of indoor lighting of using

normal glass and HISG curtain walls on the Ordinary

house and the HISG house at various positions,
respectively.
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low thermal transmission and penetration of solar
radiation, achieving to greatly themal insulationda
reducing heat accumulation inside the house
significantly. The indoor temperatures of the Oadin
house and the HISG house are approximately to the
outdoor ambient temperature, when the outdoor
temperature gradually decreases and not significant
change from 7:00-12:00 P.M. — see Fig. 8(A).

In rainy day, the outdoor temperature plunged from
6:00 A.M. to 6:00 P.M. The indoor temperature of
normal glass curtain on the Ordinary house is quite
sensitive to the effect of the external environmeittich
gradually decreases from 12:00 A.M. to 3:00 P.Mee
Fig. 8(B). Since when the rain, the temperaturéugibn
to outside environment of normal glass curtain feess
due to the good heat transmittance (~60%), quick he
absorption and low heat maintenance of normal glass
curtain on the Ordinary house. The HISG curtaigasd
heat insulation and relatively less affected bydoot
factors. The reaction temperature of HISG curtan i
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slow, low heat conduction and after the rain aroliri®
P.M. the indoor temperature of HISG curtain in the

70
HISG house is not significantly decrease due to the ® ---- Outdoor Temp.
cooling of HISG curtain is slow with lowly thermal G uneTany day S e
transmittance (~2.6%) and highly thermal mainteranc G ol
Thus, the indoor ambient temperature of the HISGsko <
is not changed and still keep at @6 whereas the g 404
outdoor and indoor ambient temperature of the Qurgin B 4
house ~2% from 6:00-12:00 P.M. as shown in Fig. L e < o~ ~-—--
8(B). It indicates that the heat insulation of HIS@tain £ 20 e T
in the HISG house is much better than that of nbrma F
glass curtain in the Ordinary house. Because tteon 1
temperature of the HISG house is always much lower o —
than that of the Ordinary house from 6:00 A.M. t6(6 0 2 46 81012141618 20 22 4
P.M. — see Fig. 8(A, B). Hours
In spring, the maximum indoor temperature of the
Ordinary house reached 382 whereas the outdoor and
indoor temperature of the HISG house were respectiv 70 9 P —
25° and 26.9C at 12:00 A.M. as shown in Fig. 8(C). I Y A—— Normel gless curtain Termp.
Results show that the outdoor and indoor tempezaitir ~ ~ HISGcurtain Temp.
the HISG house is equivalent, which is lower thzat of O 504
the Ordinary house reached 1°C5 Sunning duration is 0;’
12 h, the incidence angle of the sun rays and solar > 407
radiation crossing glazing remains significant dre t S 304
normal glass curtain, leading to its indoor temperm a - TN
being much higher than that on the HISG curtain. § 0 R
During rainy day, the indoor temperature of the = 104
Ordinary house and the HISG house is not significan
difference (only ~1.2C at 12:00 A.M.) due to has no 00 LS R S S A s e
sunlight — see Fig. 8(D). Thus, the temperaturengha
between them occurred so small and not significEing Hours
average value of sunlight per hour less than 50 3%tm
0:00-7:00 A.M. and 7:00-12:00 P.M., the outdoor and 70
indoor temperature of the Ordinary house and thHeGHI ﬁzch_m.n g ““‘,j“td‘:ffremp- T
house is almost the same as shown in Fig. 8(D). The 60 e T SGeun T
main reasons may be due to the solar radiation leevy G sod
convection and movement between free air molecules <
low, leading to difficult controlling temperatur@side g 404
the houses. S 4]
(]
o
0 A -=- - Outdoor Temp. E 20---—--—-—'—'-?»'-'--—_‘__:_‘_'__—__‘__—__j:_______ _____
Normal glass curtain Temp. | | T
60 June-sunny day — — HISG curtain Temp. 104
O % . R R ]
o 4] 2N\ Hours
S TRRID <
© / \ =
o 1 _ A TN — - Fig. 8. Hourly variations of indoor and outdoor
g' 20_' = o temperature curves of the HISG house and Ordinary buse
2 during summer with (A) sunny day and (B) rainy day; and
10- spring with (C) sunny day and (D) rainy day, respetively.
00 o b & 10 12 14 16 18 20 22 2 3.6 The energy-saving investigation of glass curtain

Hours

wall in the experimental houses

Herein, we have built two 2.51 m (I) x 3.04 m (WwBX7

m (h) houses, which were named the HISG House and
the Ordinary House (normal glass house) in Taigei o
Taiwan for comparison — see Fig. 9.
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Fig. 9. Outside appearance of experimental housegA)
Oridinary House (using Normal glass) and (B) Heat
Insulation Solar House (using HISG).

3.6.1 Experiment relating to the energy consumption of
air conditioners

Electricity meters (Watt-hour) and air condition&rsre
installed in two houses to determine the effectdwaf
glass types difference in the energy consumptioniof
conditioner during the summer as shown in Table 2.
Herein, the air conditioners were set up at/mhen
the outdoor temperature at°85 from 6:00 A.M. to 6:00
P.M.. Our experimental results show the air coodér
in the Ordinary House consumed 2.5 kWh of eledrici
while in the HISG House consumed only 1.3 kWh. This
is estimated about 48% air conditioner energy
consumption reduction for HISG compared to thelsing
layer tempered glass (the Ordinary House). This
reduction is very significantly for the using of ${&
module in the buildings or Houses due to the exdlgm
small shading coefficient of HISG (nano photocataly
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3.6.2 Experiment for the energy consumption of heaters

Electricity meters (Watt-hour) and heaters werésailied
in two houses to observe the effects of two glgges in
the energy consumption of heaters during the, asish
in Table 3.

In this work, the heaters were set up t6Q@hen the
outdoor temperature about’C4 from 6:00 P.M. to 6:00
A.M.. As shown in Table 3, the heater of the Ordjna
House consumed 1.5 kWh electrical energy, wheteas t
HISG House just consumed 0.9 kWh. This result sh@ws
40% reduction in the energy consumption of hedtmrs
the HISG House as compared to the single-layer
tempered glass. This reduction may be due to ti&GHI
has a significantly low U-value, which preventeddan
decreased expense of hot air from diffusing outhef
indoor environment through windows. Therefore, the
effective energy-saving was significantly achiewatd
improved due to the excellent heat retention ordgoo
maintain functions of HISG.

Table 3. Experimental results for the heater’s energy

consumption

Item HISG Oridinary
House House

Time duration 6:00 P.M. — 6:00 A.M.
Outdoor temperaturéq) 14
Setting temperaturég) 20
Heater consumption (kWh) 0.9 15
Energy saving (%) 40 -

coated on the HISG module’s surface) and high heat3.7. Power generation performance of the HISG house

radiation anti-reflection from sunlight, as well as
reducing large amount of energy consumption becafise
a good heat insulation layer of HISG, which showd a
contributed to excellent heat insulation effectsd an
prevented solar radiation heat from entering thesko
Moreover, the U-value of HISG is significantly loegld

air could not easily leave or disperse from theoord
environment, as well as not much lost from eleatric
energy consumption for the surrounding environment.
Thus, the energy-saving efficiency was successfu
achieved because a large amount of electrical gnerg
consumption from the activation of air-conditioner
compressor frequency was significantly reduced.

Table 2. Experimental results about the energy
consumption of air conditioner

Item HISG House| Oridinary
House

Time duration 6:00 A.M. — 6:00 P.M.

Outdoor temperaturéQ) 35

Setting temperaturéQ) 26

Air conditioner consumption 1.3 2.5

(kwWh)

Energy saving (%) 42.31 -

20

The power generation measurement of the HISG house
was conducted through practical examinations. HISG
modules were installed on all facades of East, Ifout
West, North and Top (Roof) of the HISG house for
practical tests were also performed as results show
Table 4.

HISG modules installed on the roof (Top) were
obtained 1.19 kWh of electricity. And HISG modules

||nstalled on East, South, West, and North facades a

curtain walls of the house were measured to 1.44 k¥
electricity. Thus, the power generation on the HISG
house was obtained total 2.63 kWh of electricity gezy.

For comparison to the Ordinary house, the HISG &ous
can added value of glass power generation duedo th
HISG integrated renewable solar energy into thédimg

to produce additional power. Consequently, HISG can
replace tempered glass (normal glass) in buildirgs,
new sustainable energy resources, which can
significantly reduce greenhouse gas and graduabygy
approximately to the zero in the buildings.
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Table 4. Results of power generation output on HISG
curtain wall by HISG house per day

(5]

All facades| East| South | West| North | Top | Total

of the (Roof)| power

house output

Power 0.45| 0.34 0.38 0.27 1.19 2.63
generating

capacity (6]
(kwWh)

Efficiency | 17.1| 12.9 14.4 10.3 45.3 100

(%) [7]

4. CONCLUSION

HISG curtain wall was successfully applied on the [8]
experimental house in Taiwan, which was also widely
developed for applying on buildings, as well as ithef

of public transport systems. Because HISG waslladta
for buildings as glass curtain walls, its good -s##faning
capability keeps the module surface clean, leading
reducing the cost required for surface washing.
Moreover, HISG has good many functions and progerti
such as the illuminative penetration quietly higlthw
efficiency of 32%, with 100% UV-blocking rate, low
solar radiation 40% as compared to normal glassicur
wall (~97%), greatly enhanced indoor lighting afficcy
about 29.4% compared to normal glass curtain wall,
highly effective heat insulation due to the indoor

9]

[10]T. Pasquay, Natural

[11]E. Gratia and A. De Herde,

http: //mww.wbdg.org/resources/bipv.php  (acessed
11.11.11) 2011.

B. Petter Jelle, C. Breivik and H. Drolsum Rgkenes,
Building integrated photovoltaic products: A state-
of-the-art review and future research opportunities
Solar Energy Materials and Solar Cells 2012, 100,
69-96.

J. Benemann, O. Chehab and E. Schaar-Gabriel,
Building-integrated PV modulesSolar Energy
Materials and Solar Cells 2001,67, 345-354.

A. Kylili and P. A. Fokaides, Investigation of
building integrated photovoltaics potential in
achieving the zero energy building targétdoor
and Built Environment 2014,23, 92-106.

E. Gratia and A. De Herde, Greenhouse effect in
double-skin facadegnergy and Buildings 2007,39,
199-211.

S.-H. Yoo and E.-T. Lee, Efficiency characteristfc
building integrated photovoltaics as a shading
device, Building and Environment 2002, 37, 615-
623.

ventilation in high-rise
buildings with double facades, saving or waste of
energy,Energy and Buildings 2004,36, 381-389.

Are energy
consumptions decreased with the addition of a
double-skin? Energy and Buildings 2007, 39, 605-
619.

temperature of the HISG house was lower than that o[12]B. P. Jelle, A. Hynd, A. Gustavsen, D. Arasteh, H.

the Ordinary house reached 8.9d1In addition, the
energy-saving efficiency of the HISG house for heat
and cooling were greatly improved to ~40% and 48%,
respectively for comparisons to the Ordinary house.

Goudey and R. Hart, Fenestration of today and
tomorrow: A state-of-the-art review and future
research opportunitie§olar Energy Materials and
Solar Cells2012,96, 1-28.

Furthermore, HISG curtain wall on the HISG house [13]J. Khedari, S. Ingkawanich, J. Waewsak and J.

significantly enhanced and maintained the power
generation efficiency and obtained to 2.63 kWh of
electricity per day. The resulting increased electrical
energy production, highly heat insulation, sigrafitly
greenhouse gas reducing, and greatly enhancedyenerg
saving leads to potential applications in buildifgsg,
Roofing, Skylight — canopies, Curtainwalls — veatic
glass, offices, etc...). Consequently, they can bedus
and applied in the green buildings to significantly
greenhouse gas reducing and gradually suitable tien
the zero energy building in future.
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Performance of an Open Ducted Type Very Low Head (@rss-
Flow Turbine

ien Nguyen, Morihito Inagakd Young-Do Choi

Abstract— Cross Flow Turbine (CFT) known as a Banki turbine or an Ossberger turbine is usually used in the small

hydropower, because of its economical and simple structure.

This study develops a new kind of CFT suitable for very

low head and remote rural region which turbine researched barely before. The new design of the turbine is with open
duct inlet channel, without turbine guide vane and nozze for a more simple structure. The open duct inlet channel can
be also suitable in the remote rural region where there are some materials of sediment such as sand and pebble come
with flow from upstream that can cause break down. However, the CFT with open duct inlet channel and low head
show relatively low efficiency. Therefore, the purpose of this study is developing a new CFT and modifying the turbine
inlet open duct bottom line (IODBL) location and angle to improve the performance. The internal flow is investigated to
examine the influence of turbine shapes on the performance. The results show that an appropriate turbine IODBL
location and angle play an important role on improving the turbine performance, and there is significantly efficiency

improvement by optimizing turbine IODBL location.

Keywords— Cross flow turbine, very low head, open duct, tusine open angle.

1. INTRODUCTION

Cross Flow Turbine (CFT) also known as Banki tuebin
or Ossberger turbine is ideal turbine for the small

hydropower, because of its economical and simpler

structure. This study develops a new kind of CFThwi
free flow inlet channel and low head, without guidae
and nozzle for a more simple structure. The fresvfl
inlet channel can also be suitable for the rematalr
region where there are some sediment such as sahd a
pebble that come from upstream and enter the teirbin
structure. However, the CFT with free flow inletacimel
and low head show relatively low efficiency. Themef,

the purpose of this study is developing a new CRd a
improving the performance of turbine.

In order to increase the efficiency of turbine, som
present studies suggest a method of installingneanrial
deflector into the runner centre which can guide th
water flow to a correct angle to improve the perfance
by CFD analysis and experiment. The authors ingatsi
the influence of different shapes on the perforreaiite
results show that the CFT efficiency could be inwe
by use of a well-designed internal deflector [1]-[6

the chamber to suppress the negative torque where t

is hydraulic loss [7], [8]. On the other hand, Chkti al.

[9] performed the experiment and CFD analysis tm\st

the influence of nozzle shape, runner blade araybe,
unner blade number on the turbine performance, and
also examined the effect of air layer on the pentmce.

For the very low head CFT, the way of flow entrjoin
the runner is very important. Therefore, the lawatof
IODBL affects the performance of turbine signifidgn
In this study, a set of turbine IODBL locations are
determined to investigate the performance and the
internal flow of the very low head CFT.

2. METHODOLOGY
CFT Model

Figure 1 shows the schematic view of the new tygry v
low head CFT model. The structure of the turbine
consists of open ducted inlet water channel, ruramer
draft tube, but guide vane and nozzle, which aserple
structure for turbine. Turbine inlet channel is ophict,
which means that there is a free flow in the tuehimet
channel. The draft tube plays a role of reducing th

There is also new method to improve performance ofPressure of draft tube to suck the water into tebi

the traditional cross flow turbine by supplying &ito
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chamber. The water flow from turbine inlet chanisel
separated into two flows: one part of the watewfanto

the draft tube through the runner passage, whiokerts
the kinetic and pressure energy into the outputqraf
runner, and the other overflows into the downstreathn

the some materials of sediment, preventing damage t
the runner structure.

The turbine height is {ine = 5m, which also is the
draft tube length. The turbine head between thesmwat
level of upstream and downstream is H = 4.3m, wigch
very low in contrast to other typical cases of thelro
turbine.

The number of the blade Zs= 26. The diameter of the

23
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outer runner isD;=372mm; the inner diameter D,=
250mm; D,/D,~0.67. The runner blade inlet angle ¢
outlet angle ar@,;=33° andB,,=83°, respectively

Figure 2 shows the cases and parameters of diff
turbine IODBL location. To investigate aheffect of the
turbine I0DBL location on the performance, 5 Cagk
different turbine IODBL location are conducted.
changing the turbine 1ODBL location along w
changing the turbine open angle, the turbine opete:
is changed from 70° to 117°, atfte case is named fro
Cases 1 to 5, respectivelijhese 5 cases are conducte
the same rotational speed.

Upsirom
]
Water open duct ialet - Tadaiva ialet hottam line

Draft tabe

Hlulh_ll:

Downstream

Fig.1. Schematic View of the CF.

Open duct

Water inlet Tnlet open duct bottem line

(10DBL)

Overflow

Stage 1/

Draft tube

Fig.2. Variation of turbine IODBL location .

Fig.3. Final Hexahedral Numerical Mesh of Near Areaof
the Runner.
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Numerical Methods

CFD analysis is a usefubol for predicting hydrauli
machinery performancat various operating conditior
This study employs a commercial CFD code of ANS
CFX to conduct CFD analysis. As the direction
gravity is considered, the transient analysis witio
phase flow (water and air) is conducted. T

dimensional geometry dnmesh are applied in order
decrease the calculation time because the flowha
turbine can be assumed to be uniform of main st
direction which means no flow velocity component
the direction of the thickness.

Fig.4. Water volume fraction of CFT by CFD analysis (Case
3)

Table 1. Cases of different turbine IODBL locatior

Cases Open anglégpen[°]
Case 1 70
Case 2 88
Case 3 100
Case 4 109
Case 5 117

The boundary condition for normal speed is setliel
water flow at the inlet andutlet, and the velocity of
m/s is set for the air flow. The boundary conditiof
opening is set at the top of open duct and dowast
domain.

The final hexahedrahumerica mesh of near area of
the runner and the water volume fraction of CFT
shown in Figure 3 and Figure 4.

Phase change, heat transfer and mass transfetst
are neglected. The circumferential locatid) direction
is clockwise starting from the top of the runneor
convenience, the area of runner passage is divittec
four regions: Stages 1 and Region: 1 and 2. Stage 1
obtains first output power and Stage 2 takes tlcerst
output power. However, Regions 1 and 2 cons
output power by hydraulic loss.

3. RESULTS

Performance Curves of the Investigated Cross Flow
Turbine

Figure 4 shows the water volume fraction of CFT



Z. Chen, V. T. T. Nguyen, M. Inagaki, and Y.-D. Choi / GMSARN International Journal 9 (2015) 23 - 28

Case 3 by CFD analysitn this figure, the red part
water, and the blue part is air. Most water frorstrgam
is sucked into the draft tube, and also some v
overflows to downstream directly by the effect
gravity.

The draft tube is almost full with water. The upstm
and the downstream is free flow and there is a
surface between the air and water. In order to @&
the effect of IODBL location on the performancee
performance curves and internal flow are investid
The efficiency is determined based on potential
energy difference between upstream and downstrega
the following equation:

Tw
_ )
7= mHQ

wherey is the CFT efficiencyT is the output torquep
is the angular velocity of runneH is the turbine head
and also is the water leldifference between upstre:
and downstrean( is the water flow rate in through tl
draft tube.

124 124 6 . .
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Fig. 5. Performance Curves of the Investigated Cross Rlo
Turbine.

Figure 5 shows the performance curves by the tai
IODBL location. All the data are normalized as shaw
Fig. 5. Case 1 is the original case. From Cases5l the
output power and flow rate increase along v
augmenting the turbine open an@ue, The present
CFD analysis [10] result shows that efficiency drayi
small and larger turbine open andypen, and turbine has
peak efficiency at the Case3. Larger turbine opsgles
Oopen is good for water flowing into the draft tube, &
contributes tagenerating more output power for turbi
A suitable locationof turbine IODBL at periphery ¢
runner gives a significant effect on the perfornes
improvement of this turbine. In order to examine
influence factor for the performance variation loé tery
low head cross flow turbine model, internal flow
investigated.

Velocity Vector and Pressure Contours

The tangential velocity in the blade flow passage s
important because it directly affects the ang

momentumof the runner and the output power of
cross flow turbine. In this study, the velocity t@con
the runner passage is investigated. Correspondirtigel
IODBL angle, Cases 1, 3 and 5 are chosen as ty
cases to investigate the internal flow inflced by
IODBL location on the periphery of runner. Figure
shows velocity vectors at Stage 1 and 2, and tesspre
contours at runner passage by the three typicadsc
From the figure of the velocity vectors, it can
observed that there is uniforrow at the Stage 1 of
runner passage in Case 1, but there are largeuating
flow at Stage 1 in Case 3. Larger turbine open&@@ogen
causes the hydraulic loss at Stage 1 by reciragdtow
that occurs to a large extent. However, at Stag#
runner passage, the velocity vectors show unif
outflow in Case3, but the flow in the runner pass
separate with thblade in Case 1, and the change in f
flow quite drastically between the three casesisl|
conjectured that this change at Stagesd 2 discussed
aforementioned affects the turbine performanceeas
by the performance curve.

Fé

it

[ il '_..”-“ ﬂ-";E]

[Velocity vectors at Stage 1|[Velociy vertors at Stage 2 |
Fig. 6. Velocity Vectors at Stages 1 and 2, and Presst
Contours at Runner Passac.

[ Pressure contaurs |

From the pressure contours at runner passage sinc
Figure 6, there ests a high pressure region on -
pressure side of runner blades at the leadingiposif
the flow direction. The high pressure on the bl
pressure side mearthe power to the rotation of tt
runner. The more pressure difference between thae
presure and suction side, the more output powe
generated. The pressure distribution is relatiwslgn ai
blade pressure and suction side at Stage 1 in & asat
there exits obviously pressure difference at b
pressure and suction side in Case 1. ever, there is
contrary trend of the pressure distribution at 8tagThe
effect of increasing the turbine open angle g
obviously rising pressure difference at Stage 2,tba
effect at the Stage 1 is oppos

Velocity Triangle and Pressure Contours

For turbomachines, the water flow velocity triangle
the entrance and exit blade passage is a very ten
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factor that affects the performance of the crossv
turbine. In order to investigate the effect of ing
IODBL on the internal flow and pfrmance in detail
the velocity triangle on the runner periphery isaswged
Figure 7 presents the flow velocity triangle at

entrance of Stage 1 and the exit of Stage 2, am
velocity triangle on a blade of the cross flow o a is
the absol¢ angle that is between absolute velocity
and the runner tip velocity (up.is the relative angle th,
is between relative velocity (w) and the runner
velocity (u). Bp; is the inlet angle of blade. The pov
delivered from the fluid is thus [11EB] This is the
Euler turbomachine equation, showing that power
functions of runner tip velocities {¢) and the absolul
water flow tangential velocities (Y>). This equation i
assumed by neglecting the energy loss at runnder
passage betweaxit of Stage 1 and entrance of Sta¢

pw = m(ul\/ul - uzvuz) (2)

Blade

==rrmem—aa Direction
o | ]

[ N R PR NS LT FE TR il v il Bt ot ol S

Fig. 8. Velocity Triangle Distribution Curves.
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Fig. 9. Averaged Output Power Distribution Curve on the
Circumferential.
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In Equation (2) it can be seen that for maximunpaot
power, the absolute water flotangential velocity at
outlet of Stage 2 should )0, in which case th
absolute angle. = 90°.Moreover, for the water flow in
the runner passage, the relative aif should be close to
the blade inlet angl@,;. Figure 8 reveals the veloci
triangle distribution curves at the entrance ofySta anc
the exit of Stage 2, respectively. From the retatwngle
(p) distribution at entrance of Stage 1, it can tendha
the of Case 1 is the closestfg, there is no separation
flow between water flow and the blade surface ie
runner passage, this phenomenon is also proveidjumer
7. From Cases 2 to 5, the relative arg is farther away
from blade inlet angles,;, which means that larg
turbine open angle causes relative angle fartheyahe
best flow inlet angle. From the absolute anglexitt @&f
Stage 2, the absolute angle of flow has almosthamge
from the circumferential location of 1¢-220°, which
has most of the output power generated. The effiettte
turbine IODBL location is poor on the absolute angt
flow exit of Stage 2.

Output Power Distribution

The runner passage area is divided by four regtor
check the output power distribution onthe
circumferential. Figure 9 shows the averaged ot
power distribution on the circumferential by theuff
regions (Stages 1, 2 and Regions 1, 2). The tegdtive
power is the sum of the output powers at Regioasd
2, which are hydraulic loss byecirculating flow. The
total negative power keeps stable after Case 3,tlza
reduces rapidly from Cases 1 to 3. By opening then
angle, the hydraulic energy loss at Regions 1 arisl
suppressed effectively, but that impact becomedl sfr
the turbne with too large open angle. Therefore, €
though the relative angle of Case 1 is the closepy;,
here exists large extent of loss output at Regioasd 2.
Thus, the efficiency of Case 1 shows lower than tfi
Case 3. Moreover, the output povrises at Stage 2 for
larger open angle, but it reduces at Stage 1 exoe|
Case 1. The output power at Stage 1 in Case 1a$,:
so it is conjectured that the circumferential ranf€ase
1 at Stage 1 is the smallest one that contribitedeas
output power.

4. CONCLUSIONS

This paper presents the characteristic of a vesyHead
cross flow turbinewith open ducted inlet channel, t
performance and internal flow improvement
optimizing the IODBL location. The performance bé
turbine is improvedignificantly by a suitable location «
turbine IODBL at the periphery of the runn
The larger turbine open angle gives larger pres
difference at Stage 1 and reduces the recirculdtovg
at Stage 2. However, there is a large recirculdtmg at
Stage 1 when the turbine open angle and the waier
increase separately with the blade surface, whicsts
hydraulic energy loss.

The effect ofthe increase of the turbine open angle
the relative angle at flow entrance of Stage larsher
way from the blade inlet angle, but there exists a Ii
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extent of loss output at Regions 1 and 2 with large
turbine open angle. Thus, the efficiency of Cashdws
lower than that of Case 3.
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" Optimal Reactive Power Dispatch Using Artificial Bee
% Colony Method

% Vo Ngoc Dieu, Nguyen Huu Thien Arand Vo Trung Kien

Abstract— This paper proposes an artificial bee colony (ABC) algorithm for solving optimal reactive power dispatch
(ORPD) problem. The proposed ABC can deal with different objectives of the problem such as minimizing the real
power losses, improving the voltage profile, and enhancing the voltage stability and properly handle various
constraints for reactive power limits of generators and switchable capacitor banks, bus voltage limits, tap changer
limits for transformers, and transmission line limits. The proposed method has been tested on the IEEE 30-bus and
IEEE 118- bus systems and the obtained results are compared to those from Particle Svarm Optimizer (PSO), Self-
Organizing Hierarchical Particle Svarm Optimizer - Time Varying Acceleration Coefficients (HPSO-TVAC), Particle
Swarm Optimization - Time Varying Acceleration Coefficients (PSO-TVAC), and other methods in the literature. The
result comparison has shown that the proposed method can obtain total power loss, voltage deviation or voltage
stability index less than the others for the considered cases. Therefore, the proposed ABC can be a favorable method
for implementation in the optimal reactive power optimization problems.

Keywords— Constriction factor, optimal reactive power dispdch, artificial bee colony method, voltage deviatin, voltage
stability index.

have become popular for solving the ORPD problem du
1. INTRODUCTION to their advantages of simple implementation antityab
. . : _ to find near optimum solution for complex optimipat
Optimal reactive power dispatch (ORPD) is to deteem o ohjems various meta-heuristic methods have been
the control variables such as generator voltageynijied for solving the Problem such as evolutignar
magr}ltudes, switchable ;]/ARh Cogﬂpeﬂsatofs’ fandprogramming (EP) [9], genetic algorithm (GA) [3]ta
transformer tap setting so that the objective fianco colony optimization algorithm (ACOA) [10], differéial
the problem is m|n|m|zed while satisfying the uaitd evolution (DE) [11], harmony search (HS) [12], etc.
system constraints [1]. In the ORPD proble.mz the These methods can improve optimal solutions for the
objective can be total power .Iossf, voltage dewiata ORPD problem compared to the conventional methods
load buses for voltage profile improvement [2], or . with relatively slow performance.
voltage stab_ility index for voltage stability enlmm_ent_ Artificial bee colony (ABC) algorithm is a search
[3].1 ORPD is a co_mplex and _Iarge-scale optimization method, which is inspired by the foraging behaoér
problem with nonhngar object|v_e and constraints. In honeybee swarm, and target discrete optimization
power system operation, the major role of ORPDOIS t ) ohiems. The ABC algorithm that was developed by
maintain the load bus voltages within their limits 551009 [13] is a population-based heuristic afigor.
providing high quality of services to conSUmers. _ In this algorithm, bees are members of a familychhi
The problem has been solved by various techniques; e in organized honeybee swarm. The bees consist
ranging from conventional methods to artificial 4 groups. ABC algorithm has been applied to vagio
intelligence based methods. Several — conventionalyyimization problems such as compute-industrial
methF’dS have been aPp"ed for solving th? prob!eofns engineering, hydraulic engineering, aviation andcsp
as linear programming (LP) [4], mixed integer ghience and electronic engineering since 2005 Fl4-1
programming (MIP) [5.]’ interior point method (IPNB], . ABC algorithm was firstly applied to ORPD problem b
dynamic  programming (DP) [7], and quadralic oy, and is tested on IEEE 10 bus-test systeth [17
programming (QP) [8]. These methods are based on ;g paper, the proposed method has been tested
successive linearizations and use gradient as tsearGne \EEE 30-bus and IEEE 118-bus systems and the
directions. The conventional optimization method@® ¢  ghiained results are compared to those from perticl
properly deal with the optimization problems of gy arm optimizer (PSO), self-organizing hierarchical
gi;termlmsltlc quadratic ObJeCt'r\]’e funt():tlon and particle swarm optimizer - time varying acceleratio
I ' elr ential constfrau;ts. However, tb?y can | ﬁpmi)llrll coefficients (HPSO-TVAC), particle swarm optimizati
ocal minima of the ORPD problem with multiple "o yarying acceleration coefficients (PSO-TVAC)
minima [9]. Recently, meta-heuristic search methods, 4 other methods in the literature. The result
comparison has shown that the proposed method can
obtain total power loss, voltage deviation or vgda
Vo Ngoc Dieu, Nguyen Huu Thien An (correspondinghar), and  Stability index less than the others for the coesed
Vo Trung Kien are with Ho Chi Minh City Universityf Technology, ~ cases. Therefore, the proposed ABC can be a faleorab
Ho Chi Minh City, Vietnam. Emailannht.bk@gmail.com method for implementation in the optimal reactivaver
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optimization problems.

2. PROBLEM FORMULATION

The objective of the ORPD problem is to minimizeéds
optimize the objective functions while satisfyingveral
equality and inequality constraints.

Mathematically, the problem is formulated as folsow

MinF (x, u) (1)

where the objective functiof(x,u)can be expressed in

one of the forms as follows:
« Real power loss:

« Voltage deviation at load buses for voltage profile
improvement [2]:

Ny

2+Vv2
F (X U) Ros 2 gl

} @
—2VV, cos(d - 9;)

F(x,u)=VD=§:N -V?| ®3)

whereV;¥ is the pre-specified reference value at load bus

i, which is usually set to 1.0 pu.

* Voltage stability index for voltage stability
enhancement [3], [18]:
F(xU) =L, =ma{L}i=1...,N, 4)

whereL; is voltage stability index at load bus
For all the considered objective functions, theteec
of dependent variablesrepresented by:

X= [le' gN ' Il' INd S.L SN] (5)
and the vector of control variablasepresented by:
U=V Voy, s Toree T Qe Qg 17 (6)

The problem includes the equality and inequality
constraints as follows:
a) Real and reactive power flow balance equations at
each bus:

-p, VZv[ cosﬁ,—cfj)+315in@“5j)]

i=1...N,
Q,-Q, =V Y V(G sinE -3)-B,cosg ~3)] (g
i=1..N,

b) Voltage and reactive power limits at generation
buses:

30

Vgl min —V Vg, maxrl _l...,Ng (9)
Qgi,min = Qgi = Qgi max’l = l...,Ng (10)

¢) Capacity limits for switchable shunt capacitor
banks:

Qci,min < Qci < Qci maxll = l"'!Nc (11)
d) Transformer tap settings constraint:
Temin ST S Temac K= 10N, (12)

€) Security constraints for voltages at load buses and
transmission lines:

Vi min SVi €V

li,min = li max' - l

S<S il =1..N,

(13)
(14)

N,

where theS is the maximum power flow between bius
and bug determined as follows:

(15)

i ‘}

s =ma{s|[s

3. ARTIFICIAL BEE COLONY ALGORITHM
3.1 Artificial bee colony (ABC) algorithm:

ABC algorithm was proposed by Karaboga

2005 [15] and the flow chart of this a@ighm is

shown in Fig. 1. ABC algorithm is a pdgtion-

based algorithm to be developed by takingp

con-sideration the thought that how homeyb
swarm finds food. The honeybee swarm inis th
algorithm is divided into two groups: werk bees
and non-worker bees including onlooker bemssl

explorer bees. The onlooker bees are prabweith

certain intervals around the worker bee. the

produced onlooker bees find a source haviighen

fitness value, these bees are replaced dykew

bees; otherwise the base value is inectaby 1.

If the base value exceeds its certainitlimthis

source is abandoned and the bee of dsbarce is

reproduced with the explorer bee. The sbkaving

the best fithess value among all the adpced

bees are repre-sented in the next iteratiorhe

following steps are implemented until theéopping

criterion in ABC algorithm has been adkie.

3.1.1. Initial

The initial population is very importantin
heuristic methods and can be produced Mferdnt
ways. One of them is the random prodyciand
is used in this study. The initial pdgtion of
the algorithm is produced within its limits
according to the equation below:

in

population:

uii = Unsini, i +rand x (umax,j - umin,j) (16)
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where Upinj and Unj represent  the minimum and
maximum of the variablej. The value ofrand is

between 0 and 1.

Enter system data and determine the parameters of ABC l

:

Send the worker bees of equation (16) to the half of food
sources and calculate the compliance value

Determine the worker bees whose environment is to be
searched through the roulette selection in formula (18)

!

Perform a research by Explorer bees around
the worker bee determined through formula (17)

,

Calculate the compliance value of new bees
If the value calculated is lower than the orginal value Base = 0,
if not Base = Base + 1

Produce explorer bees through Formula (16) l

>

Sorts all the bees ascending according to their compliance
values and transfer as much bees equivalent to the number of
worker bee as worker for the next generation

I

iter > iterpax

[ Finish algorithm ]

Fig.1. Flow chart of the ABC algorithm.

3.1.2. Worker bees

The worker bees are produced according Hq.
(17) and by using knowledge of the bées the
population. The feature of worker bees that
they are produced by taking the advantaffem
the sources which is previously discovered.

v; =min(u

ug) +maxg,,u,) x (rand - 05)x2] (17)

ij 1 ij 1
where v; represents the  produced worker bee,
min(u;, Ug) and maxg;, ug) represent the lower
and upper limit of the \variableg and u,

respectively.
3.1.3. Onlooker bees:

The onlooker bees are produced by locakchaay
with certain intervals around the bees deieeth by
roulette selection method among worker bdgsthe
source found by the produced onlooker bégs
better than one found by worker bees,

onlooker bee is assigned as worker bee. n Tt
base value is increased by 1. The effije of a
bee in the population is determined wih. (18)

the

. Inthe roulette method, the probabiltf a bee
having high efficiency to be selected igghh
_ i, 18
P = (18)
> fit,
n=1
where SN is the number of the food sources
which is equal to the number of empbybees,
fit, is the modified fitness value ofth solution
which is proportional to the nectar ambouf
the food source in the positionand is given as
follows:
fit =~ (19)
f
where f, is the fithess value that is obtained

separately for each individual through KERg0) .

3.1.4. Explorer bees

Worker bees whose the sources have beene co
an end become explorer bees and startséarch
new food source nectar randomly, for example

Eq. (16). There is not any guidance ohe t
explorer bee for searching new food sourc&bey
primarily try to find any kind of food smce. The
worker bee whose food source nectar has been
come an end or the profitability of théood
source drops under a certain level is setecand
classified as the explorer bee.

3.1.5 ABC for the ORPD problem

For implementation of the proposed ABC toe th
problem, each particle position representingr f
control variables is defined as follows:

Xy =[Vgld ""’VgNgd v T ""’TNtd 1 Quq ""'QCNCd]T
d=1...,NP

(20)

The fitness function to be minimized is based om th
problem objective function and dependent Vdes
including reactive power generations, load bus
voltages, and power flow in transmission dinélhe
fitness function is defined as follows:
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Ny o Sep 11 If iter < itero return to Step 4. Otherwise,
FT = F(X,U)+ KqZ(Qgi _Qgi ) StOp.
— (21)
Nd ' N,
+ sz(\/li -V,m)? + KSZ(S -S...)? 4. NUMERICAL RESULTS
i=1 1=1

whereKg, K, andKs are penalty factor for reactive
power generations, load bus voltages, and epow

The proposed ABC has been tested on the IEEE 30-bus
and 118-bus systems with different objectives idirig
power loss, voltage deviation, and voltage stahilit
index. The data for these systems can be found9h [

flow in transmission lines, respectively. [20]. The characteristics and the data for the loase of

The limits of the dependent variables in)(2ke
determined based on their calculated values

follows:

lim

the test systems are given in Tables 1 and 2, ctgply.
The algorithms of the ABC methods are coded in

Matlab R2009b and run on an Intel Core 2 Duo CPU

2.00 GHz with 2 GB of RAM PC. The parameters of the

_{Xmax X2 Xinax (22) ABC methods for the test systems are summarized in

X X< X Table 3. Number of individuals in a population &ach

min

test system is decided based on trial simulation ru

where x and X" respectively represent for the 4.1 |EEE 30-bussystem

calculated value and limits €fg, Vi, Smax.

solving the ORPD problem is addressed as follows: 2, 5, 8, 11, and 13 and the available transfornaees

Sep 1

Sep 2:

Sep 3:
Sep 4

Sep 5:
Sep 6:

Sep 7:
Sep 8:

Sep 9:
Sep 10:
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) located on lines 6-9, 6-10, 4-12, and 27-28. The
Choose the controlling parameters for ABC switchable capacitor banks will be installed atesuo0,
including number of particl®\P, maximum 12 15, 17, 20, 21, 23, 24, and 29 with the minimand
number of iterationsiter,, and penalty maximum values of 0 and 5 MVAR, respectively. The

factors for constraints. limits for control variables are given in [11], g@ation
The ith individual position in ABC method reactive power in [21], and power flow in transrioss

is initialized as follows (16). lines in [22].

Set the iteratorster = 1 The results obtained by the ABC methods for the

For each particle, calculate value of system with different objectives including powesdp
dependent variables based on power flow voltage deviation for voltage profile improvemeand

solution using Matpower toolbox 4.1. voltage stability index for voltage enhancementgiven
Calculate the fitness function as follows in Tables 4, 5, and 6, respectively and the salstitor
(21). best results are given in Tables Al, A2, and A3 of

Appendix.

Set the current value of t is the best .
Pa The obtained best results from the proposed ABC

\gzgfhe best value of theh individual as method are compared to Gravitational Search Algorit
follows (18) (GSA), comprehensive learning particle swarm

: . . o optimization (CLPSO) [23], Self-Organizing
!n \_Nh'ChX‘d Is the best position of |nQ|V|duaI Hierarchical Particle Swarm Optimizer - Time Vanyin

i in the group of individuals in the Acceleration Coefficients (HPSO-TVAC), Particle
population. Swarm Optimization - Time Varying Acceleration
LocateX, employed bees as follows (17). Coefficients (PSO-TVAC) [24] for different objectis
Solve power flow using Matpower toolbox gg given in Table 7.

based on the newly obtained value of |t can be seen from the data in Table 7 that thalt®
position for each particle. obtained from the ABC method are less than another
Recalculate Fitness function for Employed methods with total power loss, voltage deviationd a
bees. voltage stability index. As shown in Table 4,5,6et
Compare the value of this position Fitness computational time of ABC method is highest but the
with Fitness initialization values. difference is not much. Best results are given abl&s

If the value calculated is lower than the Al, A2, and A3 of Appendix with all the constraiot
orginal valueBase= 0, if not Base = Base + voltage, reactive power at the generator node &ed t
1 transformer index are satisfied.

If Base >Limit, go to ther next step. 42 |EEE 118-bussystem

Otherwise, go to step 9. _ N o
Produce explorer bees through Formula (16) In this system, the position and lower and uppeit$
iter = iter +1. for switchable capacitor banks, and lower and upper
Sorts all the bees ascending according tolimits of control variables are given in [23].

their compliance values and transfer as much

bees equivalent to the number of worker bee

as worker for the next generation.
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Table 1. Characteristics of test systems

Table 6. Results by ABC metho

Svstem No. of No. of No. of No. of No. of
Y branches | Generation buses transformers capacitor banks| control variables
IEEE 30 bus 41 6 4 9 19
IEEE 118 bus 186 54 9 14 77
Table 2. Base case for test systems

System >R > Qq D Py ngi

IEEE 30 bus 283.4 126.2 287.92 89.2

IEEE 118 bus 4242 1438 4374.86 795.68

Table 3: Parameters for ABC algorithm

Worker bees

Onlooker bees

Explorer bee

Limit

(2]

RBE many times

10

10

10 20

100

Table 4. Results by ABC methods for the IEEE 30-bus sigsn with power loss objective

Method | bo rvac2] | HPSO-TVAC[22] | ABC
Function
Min Poe(MW) 45356 45283 45194
AVG. Poos(MW) 45912 45581 4.8892
Max Poe (MW) 4.9439 46112 53815
Std.dev. B (MW) | 0.0592 0.0188 0.1885
VD 1.9854 1.9315 2.0317
Lo 0.1257 0.1269 0.1263
Avg. CPUtime (s) | 10.85 10.38 14.477

Table 5. Results by ABC methods for the IEEE 30-bus sigsn with voltage deviation objective
Method PSO-TVAC[22] | HPSO-TVAC[22] | ABC

Function

Min VD 0.1210 0.1136 0.0992

Avg. VD 0.1529 0.1340 0.187(

Max VD 0.1871 0.1615 0.4394

Std.dev. VD 0.0153 0.0103 0.0718
Pioss(MW) 5.3829 5.7269 5.4582,

L mas 0.1485 0.1484 0.1494

Avg. CPU time (s) 9.88 9.59 11.74Y

ds for the IEEE 30-bus stgm with voltage

stability index objective

—_Method | pso.Tvac2] | HPSO-TVAC[22] | ABC

Function

Min Lo 0.1248 0.1261 0.1247
AVY. Lings 0.1262 0.1275 0.1296
Max L, 0.1293 0.1287 0.1545
Std.dev. by 0.0009 0.0006 0.0049
Poss(MW) 4.8599 5.2558 47359
VD 1.9174 1.6830 2.1461
Avg. CPU time (s) 13.39 13.05 15.76p

Table 7. Comparison of best results for the IEEE 30-busystem

Method Power loss Voltage deviation Stability index
Pl (VD) (Lina)
GSA[27] 4.6166 0.1064 -
CLPSOI[28] 4.5615 - -
PSO-TVAC[22] 4.5356 0.1210 0.1248
HPSO-TVAC[22] 4.5283 0.1136 0.1261
ABC 4.5194 0.0992 0.1247
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Table 8. Results by ABC methods for the IEEE 118-bus siem with power loss objective

— Method|  ooh tvaciez) | psops]| cLpsops]|  ABc

Function

Min Poeo(MW) 1243335 131.99 130.96 122679
AVG. Poc(MW) 129.7494 132.37 131.15 138.7797
Max Foce(MW) 134.1254 1345 132.74 160.8688
Std.dev. R (MW) 2.1560 0.00032|  0.000085 5.4653
VD 1.4332 3.0027 1.8525 2.8697
Lo 0.0679 0.2049 0.1461 0.0629
Avg. CPU time (s) 85.32 1215 1472 98.207

Table 9. Results by ABC methods for the IEEE 118-bus stem with voltage deviation objective

— Method oo tvacpe2]| Psopzs] cLpsops]  ABC
Function
Min VD 0.3921 22359| 16177 |  0.3217
Avg. VD 0.4724 - - 0.4315
Max VD 0.5407 - - 05231
Std.dev. VD 0.0316 - - 0.0488
Poc(MW) 179.7952 132.16]  132.06 | 1765858
Lo 0.0667 0.1854|  0.1210 | 0.068(
Avg. CPU time (s) 78.70 - - 84.464

Table 10. Results by ABC methods for the IEEE 118-buystem with stability index objective

— Method| oo tvacpe2]| Psopzs] cLPsozs]  ABC
Function
Min Loy 0.0607 0.1388|  0.0965 0.059¢
AVY. L 0.0609 - - 0.0662
Max Ly 0.0613 - - 0.0733
Std.dev. by 0.0001 - - 0.0029
Poss(MW) 184.5627 133.08]  132.08 | 217.0914
VD 1.2103 2.3262|  2.8863 2.042¢
Avg. CPU time (s) 119.22 - - 128.58P

Table 11. Comparison of best results for the IEEE 118us system

Method Power loss Voltage deviation Stability index
Function (MW) (VD) (Limax
PSO-TVAC[22] 124.3335 0.3921 0.0607
PSO[28] 131.99 2.2359 0.1388
CLPSO[28] 130.96 1.6177 0.0965
ABC 122.6792 0.3212 0.0599

The obtained results by the ABC methods for the
system with different objectives similar to the easf
IEEE 30 bus system are given in Tables 8, 9, and 10
respectively and the comparison of best resultsnfro
methods for different objectives is given in Talile. It
can be seen from the data in Table 11 that theltsesu
obtained from the ABC method are less than others
methods with total power loss, voltage deviationd a
voltage stability index. As shown in Table 8, 9geth
computational time of ABC method is slower thaneosh
methods but in Table 10, the computational tim&BC
method is very fast. So that, the computationaktiof
ABC method is fast but in a few cases, it is slow.

5. CONCLUSION

In this paper, the ABC method has been effectiaaid
efficiently implemented for solving the ORPD pratle
The proposed ABC has been tested on the IEEE 30-bus

34

and IEEE 118-bus systems with different objectives
including power loss, voltage deviation, and vodtag
stability index. The test results have shown thappsed
method can obtain total power loss, voltage desator
voltage stability index less than other methods tfst
cases. Therefore, the proposed ABC could be a lusedlu
powerful method for solving the ORPD problem.
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APPENDIX

The best solutions by ABC methods for the IEEE 305
system with different objectives are given in Tabkel,
A2, and A3.

Table Al. Best solutions by PSO methods for the IEEE 30
bus system with power loss objective

Variables| PSO-TVAC| HPSO-TVAC ABC

Va 1.1000 1.1000 1.100p
Vg 1.0957 1.0941 1.0948
Ve 1.0775 1.0745 1.0714
Ve 1.0792 1.0762 1.075p
Vi 1.1000 1.0996 1.100p
Vs 1.0970 1.1000 1.100p
Teo 1.0199 1.0020 1.026P
Te1c 0.9401 0.9498 0.9164
Totz 0.9764 0.9830 0.9782
Tor.08 0.9643 0.9707 0.9718
Qcic 4.5982 2.3238 5.0000
Qc1 2.8184 2.8418 5.000D
Qcie 2.3724 3.6965 3.9341
Qe1s 3.6676 4.9993 5.000p
Qeac 4.3809 3.1123 4.2164
Qe 4.9146 4.9985 5.000D
Qs 3.6527 3.5215 3.2097
Qe 5.0000 4.9987 4.9997
Qeac 2.1226 2.3743 2.591B
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Table A2. Best solutions by PSO methods for the IEEE 30
bus system with voltage deviation objective

Variables| PSO-TVAC| HPSO-TVA( ABC

Va 1.0282 1.0117 1.023p
Vg 1.0256 1.0083 1.0219
Ve 1.0077 1.0169 1.014p
Ve 1.0014 1.0071 1.0034
Vau 1.0021 1.0707 1.046p
Vs 1.0046 1.0060 0.9914
Teo 1.0125 1.0564 1.0508
Te1c 0.9118 0.9076 0.9000
Tas 0.9617 0.9545 0.9545
Tor.06 0.9663 0.9695 0.9781
Quic 5.0000 1.5543 2.5438
Qc1 1.5065 1.4242 4.044D
Qeie 3.9931 2.5205 5.0000
Qe 3.7785 1.6400 0.000D
Qe 3.2593 5.0000 4.7878
Qe 4.1425 1.8539 4.8628
Qs 4.9820 3.3035 5.0000
Qcos 4.5450 4.5941 5.0000
Qeac 41272 3.5062 4.574p

Table A3. Best solutions by PSO methods for the IEEE 30
bus system with objective of stability index

Variables| PSO-TVAC| HPSO-TVAG ABC
Va 1.1000 1.0979 1.1000
Vg 1.0934 1.0997 1.0947
Ve 1.0969 1.0500 1.1000
Ve 1.0970 1.0663 1.0884
Vau 1.1000 1.0561 1.100p
Vs 1.1000 1.0886 1.098B
Teso 1.0935 0.9939 0.98211
Te1c 0.9000 1.0150 0.955P
Ta 0.9579 0.9121 0.9758
Tor.06 0.9651 0.9406 0.9816
Qeic 3.1409 3.7685 5.0000
Qe1z 3.0186 4.6323 3.4218
Qeie 1.4347 2.6542 3.0048
Qu1s 3.8498 2.6897 3.858P
Qe 0.0000 2.8806 0.000D
Qcos 5.0000 2.1071 5.0000
Qca: 0.0000 3.1044 4.976D
Qe 2.1733 2.1797 4.7488
Qe 2.2708 3.5843 5.0000
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