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Abstract: Natural ester insulating oil, with advantages of environmental protection and fire safety, is a recent hot topic
as transformer insulating oil for both research and application. This paper introduces insulating oils and natural ester,
reviews the technical development and international industrial standards of natural ester insulating oil. Evaluation is
made regarding physical and chemical properties (viscosity, pour point, water content, acid number, oxidation stability),
electrical properties (material compatibility, dielectrical property, oil dissolved gases, Kraft paper), and advantages of
natural ester and its technical problems and commercial barriers. In the end, prospect of natural ester as transformer

insulating oil and further directions of research are discussed.
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Fig. 1 Triglyceride with three different fatty acids
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Table 1 Natural ester insulating oil standards

Standard

Contents

IEC 62021-3
IEEE Std C57.147
IEEE C57.155
IEC 62770
ASTM D6871
DL/T 1360
DL/T 1811
Q/GW 11659

Test acid number for non-mineral insulating oil
Quality acceptance and maintenance
Guidance for ester oil DGA
Quality standard for unused natural ester oils
Quality standard for unused natural ester oils (U.S. standard)
Quality criteria for soybean transformer oils
Quality criteria for natural ester oils

Natural ester insulating oil for distribution transformer
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Table 2 Typical properties for unused natural ester and mineral oil

Physical and Chemical Soybean Rapeseed PFAE #25 #45
Appearance Light green Transparent Transparent Transparent Transparent

Density (20 °C)/(kg/m’) 0.92 0.92 0.86 0.84 0.84
Viscosity(40 °C)/(mm’/m) 34 37 40 8.9 9.1
Fire point/°C 360 360 210 180 180

Pour point/C -20 -20 0 -25 -45

Acid number/(mg KOH/g) 0.04 0.05 0.02 0.01 0.01
Interfacial Tension/(mN/m) 24 26 30 44 43
Moisture content/(mg/kg) 30 <50 15 35 32
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Table 3 Oxidation stability test for natural ester”

Test items Limit Value  Test method
TAN/(mg KOH/g) < 0.6 IEC 62021
Viscosity increase (40 °C) < 30% GB/T 265
Dissipation power factor (90 C) <0.5 GB/T 5654
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Fig. 2 The degradation curves of insulating fluids””
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Table 4 Request of oil dissolved gas content

Gas Content/(uL/L)
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GH, 0
Total Hydrocarbon <20
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Fig. 5 Contents of dissolved gases in mineral and natural ester insulating oils under thermal faults

R B AR R TR T T W R R AR
fE A EA R AR AU T — SRR IR 7 A A
AR 2N B, A TR AR B T SR
RARME =S R AR /. A 5 S T T A
Ty RIREE RAL AR AT, RARBR AR LhE — 5
et — A AL =R RS R L S R 90%LL F, i
BT = L AR W2 W VAN S T R AR TR
BUA FI 0k B =M E T B ST i&E T R
P 0 o 2 T8 P A FRL R P, 2R Tl B B R
T =ik ] & H T R ORI A e g 17 ).

60 000

= Blank
u200 C
300 C

400 °C
u500 C
1600 C

700 °C

40 000

20 000

Dissolved gas content/(mL/L)

H,

CO CO, CH, CH, CH; CH,
Contents of dissolved gas

[34]

Bl S R R IR0 R AR B v e Ak 2

3.4 RERIRYFMY

UG RENTEE RS BERIE, REH TR
K, BB, 462568 558 B VAL R AR oK &
B ET10.5%, A5G LD — . RIREEALS &
PIBAT IR & B AT IA T W (204, B EG 4
WA, RIRBRIE RS REW KT, LEAERE
FERTW i, AT AT E M AU )
TIRI2/3. FARTE-4RE A T8 P U 2% 1) P EE 3 B K AR
g P R IR P K AR CRAP OB T R R AR AR G AT 4
B B K RS KRR, X 7K 0 AR PR T AR 38 T 4
YL AR P, TSI 5 41 4 20 R AR R A0 3 S S RE AT
AT 4 R K AR, ARG BT BRIz eah, KRR
Fig 5 B 2 AUk R A /K@ B, ik — kb 1
YA K S B G AR AR I, KR
fis B 5 7K & A E AL WA B (E, X R B N
LA, R AR M A8 AR W K 26K T R SR T
By KRR 2R, HOX NG K & B S 2R 1T =
AR K. A8 AT RE p, R SRS R 1 e
KB BV AE I AR R AR — B, T R
R A 45 5, 2P TS i A A

IR TR 2 W G AR, T R SR TR (0 vsh R T 1w
TR, ARG AR Z AL, 0 SR AE AR E 4RIL
FC R IR B, FAE AR T R AR K & B 2 I A R B
%, FX BB AR, ££Z AT K S AR

Fernandez% ™76 2% O YA RARTE 55740
XS ARINEA R G IRIT, St T O EUE ey
S RN A R I 5E foe e v 0020 °C, I
X B P 3 X ¢4 25 R 2 A B 2 SR I R AN [ (Y #
M 2. AR BT 6 2 F A5 I 1, Bl 4 R 4ROR
BETEETPE RRBAS R URERZTIT
LE7/H

23 L RTIR, RARIR L8 S AE B Uk RE D5 T A PF
WL T e e, HP SRR ST LG E 57
K S AT 3 B 4 i B I 5 78 202 B T T
ZEFE.

4 BHEMRZE

RARBE A8 2 B ik i M IR RO 35,
BEACKRS PEAT B RV AT 5 28 e 2% BT 2K, (BAEBET
A E Y A T Y50 . KRR R IR G 2t —



%13

FEAE, 55 RIRBRLE SR i) R e DR PhERE X e 8 141

SRS 7 ) A EE R LA 7T :

a. RARTEMIZ: I, (R R DAL A L eSS
TH i, @I b e Ak 2 e s RA M RE R
Y {8 FIBIE 78 7 1.

b. RARBELE L5 3h Tl AL A 7= 1 T 24, BarH
AOBOLKESM ] RER, NGRS
AT I R AR BR 26 S MBI M br e, 4 J5 A2 7= T 26
DT, BB T B ERAE S K& '], B
s i i e A e E R ST

c. % BE IR SR . K 57 vl 7 B B A0 A7 AE L
EAE R HE A 2 B AT A K g ik 5 T 4%
FEDRUAAE ikl = e 4 i AT 5755 B TAE.

d. Z5F AT R 2 ) 24 T SR 16 408 25 e 4 THI 7 Db Ak
(IBERS, Jo SR Nk — 5 5@ 5 K SRR 7548 K 2% o 1 4
F5 1 JE BA SR G AR BEAT VRN, R SRR 2 b 220 T D T
TEFAFI FH A 7T RE 32 15 K SR TR 48 2k 3 4 5 1R 1A
FE.

e. A KT R IR T 48 25 3 11 5 25 P (1R 58 7 v
Z 5T R E S P o b R SRTE BT AR R
ZF 0, SERRIE AT B IR P T, SEI
PR R0 L6t 8 SR BN [ F il B2 AT Lk o
T110 kVEL E K U R S5 4 f 778 He 8, 75 s £
IRATLEH P e 42 AN AR 3R, g SRR SR IR 466 i 7 1
P 5 0 DA 5 19 7 PR A AR i 5

2 E XM

[1] Qin Caiqing. Progress in research and application of vegetal

7

N\
-od

transformer oil[J]. Journal of Hubei Engineering University, 2018,
38(3): 5-9 (in Chinese) [FRZFT. YA T4 AW IT5 52 2t e
[7]. AL TR 4B 2441, 2018, 38(3): 5-9]. doi: 10.3969/j.issn.2095-
4824.2018.03.001.

[2] Sun Yubin, Hu Litian, Xue Qunji. Development and research
progress of environmentally friendly lubricating oil additives[J].
Tribology, 2008, 28(4): 381-387 (in Chinese) [#h £, HATN K, #¥
TR PRI AT TR W ) R PR B S B A BT U BUIR (D). R 22
2, 2008, 28(4): 381-387]. doi: 10.3321/j.issn:1004-
0595.2008.04.017.

[3] RafigM,LvY Z, Zhou Y, et al. Use of vegetable oils as transformer
oils—a review[J]. Renewable and Sustainable Energy Reviews, 2015,
52:308-324. doi: 10.1016/j.rser.2015.07.032.

[4] Chen Zhimin. Overview about transformer oils[J]. Synthetic
Lubricants, 2018, 45(3): 28-31 (in Chinese) [ 2 . 48k 2% &7
R[] A BUIEHAEL 2018, 45(3): 28-31]. doi: 10.3969/).issn.1672-
4364.2018.03.009.

[5] Perrier C, Beroual A. Experimental investigations on insulating

liquids for power transformers: mineral, ester, and silicone oils[J].

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

IEEE Electrical Insulation Magazine, 2009, 25(6): 6-13. doi:
10.1109/MEIL2009.5313705.

Jiang Zeqi, Fang Jianhua, Chen Fei, et al. Tribological properties of
rapeseed oil with electromagnetic field impact[J]. Tribology, 2018,
38(1): 44-50 (in Chinese) [YLEH, J7 8%, PR €, 4. WA EH
NSRRI FE[T]. R 24, 2018, 38(1): 44-50].
doi: 10.16078/j.tribology.2018.01.006.

McShane C P, Corkran J, Rapp K, et al. Natural ester dielectric fluid
development[C] In: 2006 IEEE/PES Transmission and Distribution
Conference and Exposition. Kay Bailey Hutchison Convention
Center, Dallas, USA, 2006: 141-147.

McShane C P, Luksich J, Rapp K J. Retrofilling aging transformers
with natural ester based dielectric coolant for safety and life
extension[C].In: IEEE-IAS/PCA 2003 Cement Industry Technical
Conference. Dallas, TX, USA, 2003: 141-147.

Stockton D P, Bland J R, McClanahan T, et al. Natural ester
transformer fluids: safety, reliability & environmental
performance[C].In: 2007 IEEE Petroleum and Chemical Industry
Technical Conference, Charleston, South Carolina, 2007: 1-7.

Yang Tao, Wang Ji, Wang Zhenyu, et al. Feasibility of directly
changing natural ester insulating oil for conventional mineral
insulating oil-filled distribution transformer[J]. Insulating Material,
2018, 51(2): 39-43 (in Chinese) [#5#%, T.i%, TREF, & L5041
Y 25T AL T 4% L P T R SRR 2 5ty W] AT PERIE S [0]. 8254
KL, 2018, 51(2): 39-43].

Hu Yu, Guo Yuguang, Guo Ling. Transformer with natural ester
used in yan an river huang project[J]. Shaan Xi Water Resources,
2018, (5): 146-148 (in Chinese) [#]5*, 850, #EHk. RIREHAL K
BAEIE 22 5K TRE PRI R [T]. BRPEAKFI, 2018, (5):
146-148].

Astm Standard D6871-03. Standard specification for natural
(vegetable oil) ester fluids used in electrical apparatus[S]. USA:
ASTM, 2003.

[DL/T 1360. Quality standard of soybean vegetable transformer
0il[S]. Beijing: China Standard Press, 2014(in Chinese) [DL/T
1360. K EAEY) A A5 i BB ARHE[S]. Jbnt: o Ebr ok th Rt
2014].

[DL/T 1811. Guide for selection of natural ester insulating oil for
power transformer[S]. Beijing: China Standards Press, 2018](in
Chinese) [DL/T 1811. HL /48 R85 H R AR B L 2 it i F 3 I [S].
dbat: Hh EARAE AR AL, 2018].

Lakhiani V K, Jhala A S. Green transformer-experience in using
natural ester fluid in power transformer first time in india[C]. In: The
2nd International Conference on Innovation & Best practice in
Transformer Design, Testing and Maintenance, CPRI. 2014: 188-
201.

Li Xiaosong. Study on temperature rise calculation of vegetable oil
distribution transformer[J]. Transformer, 2019, 56(1): 5-12
(in Chinese) [Z5/IM2. AT HAS FE 48R T SERIAT AL 0], A2


http://dx.doi.org/10.3969/j.issn.2095-4824.2018.03.001
http://dx.doi.org/10.3969/j.issn.2095-4824.2018.03.001
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.04.017
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.04.017
http://dx.doi.org/10.1016/j.rser.2015.07.032
http://dx.doi.org/10.3969/j.issn.1672-4364.2018.03.009
http://dx.doi.org/10.3969/j.issn.1672-4364.2018.03.009
http://dx.doi.org/10.1109/MEI.2009.5313705
http://dx.doi.org/10.16078/j.tribology.2018.01.006
http://dx.doi.org/10.3969/j.issn.2095-4824.2018.03.001
http://dx.doi.org/10.3969/j.issn.2095-4824.2018.03.001
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.04.017
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.04.017
http://dx.doi.org/10.1016/j.rser.2015.07.032
http://dx.doi.org/10.3969/j.issn.1672-4364.2018.03.009
http://dx.doi.org/10.3969/j.issn.1672-4364.2018.03.009
http://dx.doi.org/10.1109/MEI.2009.5313705
http://dx.doi.org/10.16078/j.tribology.2018.01.006

142 BB % 55 40 %
75,2019, 56(1): 5-12]. [27] Qiu Wubin, Yang Tao, Wang Ji, et al. Research on compatibility

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Wang Shanshan, Zhou Zhujun, Liang Siyuan. Test study on low
temperature characteristics of transformer vegetable insulating oil[J].
Electrotechnics Electric, 2014, 12: 48-50 (in Chinese) [ L33, J&
VI8, B G, AL & A48 i RIR RV RIS AT D). FR T
15, 2014, 12: 48-50]. doi: 10.3969/j.issn.1007-3175.2014.05.014.

Yang Tao, Zhang Hui, Jing Dongdong, et al. Effect of
deacidification method on performance of natural ester insulating
oil[J]. Insulating Material, 2017, 50(3): 54-61 (in Chinese) [#%,
KRR, SR S IR T IO RIRBR At P AR (R[], %%
L 2017, 50(3): 54-61].

Wilhelm H M, Tulio L, Jasinski R, et al. Aging markers for in-
service natural ester-based insulating fluids[J]. IEEE Transactions on
Dielectrics and Electrical Insulation, 2011, 18(3): 714-719. doi:
10.1109/TDEL2011.5931057.

Liao Ruijin, Hao Jian, Liang Shuaiwei, et al. Choice of antioxidants
added in insulation oil and its anti-oxidant synergistic effect[J]. High
Voltage Engineering, 2012, 38(1): 124—131 (in Chinese) [B¥ii 4,
A aE, GRUMAR, &5, A8l A A R i i 3 K H W [F B A A
[7]. L EROA, 2012, 38(1): 124-131].

Cai Shengwei, Chen Jiangbo, Yin Jing, et al. Discussion on
oxidation stability test of natural ester insulating oil[J]. Insulating
Material, 2016, 49(3): 68—71 (in Chinese) [, FRILIY, 75,
. RIRMEAE S A AL 22 VRIS AR I [J]. 641K, 2016, 493):
68-71].

Chen Jiangbo, Wang Feipeng, Cai Shengwei, et al. Microbial
degradation mechanisms and differences of plant and mineral
insulating oil of transformers[J]. Journal of Chongqing University,
2018, 41(2): 61-68 (in Chinese) [FRVLI, £ KM, LM, 6. L%
SHEYD DAL AR M AR LA e 22 S (D). B2
i, 2018, 41(2): 61-68].

George, Frimpong, Stephane, et al. Using vegetable oil as insulating
fluid to reduce the risk of transformer fire[J]. Electrical
Manufacturing, 2014, (5): 27-30 (in Chinese) [Frimpong G, Page S,
Carrander K, et al. B4R o 28 2% 7 B AR D R 4% 2% K XURSE[].
S il 2014, (5): 27-301].

Cai Shengwei, Shao Minfeng, Chen Cheng, et al. Fire performance
test of natural ester insulating oil-immersed transformer[J].
Transformer, 2018, 55(5): 56—60 (in Chinese) [%/1: 1, AR B4, [
TR, 5. RIRERA AL 4 05 K Mg B [1]. AR, 2018,
55(5): 56-601].

Pukel G J, Schwarz R, Baumann F, et al. Power transformers with
environmentally friendly and low flammability ester liquids[J]. E &
I Elektrotechnik Und Informationstechnik, 2013: 1-6.

Wilhelm H M, Franch V, Tulio L, et al. Compatibility of transformer
construction materials with natural ester-based insulating fluids[J].
IEEE Transactions on Dielectrics and Electrical Insulation, 2015,

22(5): 2703-2708. doi: 10.1109/TDEI.2015.004755.

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

between natural ester insulating oil and insulating material in oil-
immersed transformer[J]. Transformer, 2016, 53(3): 26-29
(in Chinese) [BF R, #i%, £, 5. RIABREL M 5 AR %
A GMRAAVERT T[] 22 4%, 2016, 53(3): 26-29].

Thomas E W, Fuller R E, Terauchi K. Fluoroelastomer compatibility
with biodiesel fuels[J]. SAE Transactions, 2007: 947-956.

Liao Ruijin, Liang Shuaiwei, Li Jian, et al. Study on the physics and
chemistry characteristics and breakdown voltage of a mixed
insulation oil composed of mineral oil and natural ester[J].
Proceedings of the CSEE, 2009, 29(13): 117123 (in Chinese) [ B
&, UM, 2280, &5 Bl AR SR BE R 4 26 0l O B R D
G BRI FL[]. AL TR 4K, 2009, 29(13): 117-123]. doi:
10.3321/j.issn:0258-8013.2009.13.019.

Thien Y V, Azis N, Jasni J, et al. The effect of polarity on the
lightning breakdown voltages of palm oil and coconut oil under a
non-uniform field for transformers application[J]. Industrial Crops
and Products, 2016, 89: 250-256. doi: 10.1016/j.indcrop.2016.04.
061.

Chen Yuqing, Mo Wenxiong, Huang Qingdan, et al. Study on
gassing property of vegetable insulating oil[J]. Insulating Material,
2018, 51(7): 72-76 (in Chinese) [ T-H, S0, 3 FF, & Y
AT SR AL []. E5A4 L, 2018, 51(7): 72-76].

Cai Shengwei, Chen Jiangbo, Shao Minfeng, et al. Dissolution
properties of characteristic gases in nature ester insulating oils for
power transformer[J]. High Voltage Engineering, 2017, 43(8):
2608-2613 (in Chinese) [42/E1H, MRIT I, FSEGUE, 4. M8 R4
PR SR TG 245 25t vh R AR PR R AR TR (D). R AR B, 2017,
43(8): 2608-2613].

Cai Shengwei, Hu Yuanxiang, Chen Jiangbo, et al. Study on
dissolved gas in natural ester insulating oil during accelerated
thermal ageing[J]. Insulating Material, 2015, 48(4): 30-39
(in Chinese) [ZRJEAH, BASZE A, WRVLUE, 25, RIRERLL I Ik &
PRIR v VR AR TELT]. A8 A8, 2015, 48(4): 30-39]. doi:
10.3969/j.issn.1009-9239.2015.04.007.

Yang Tao, Kou Xiaoshi, Pan Haowei, et al. Analysis of dissolved
gases in natural ester insulating oil under thermal fault[J]. Insulating
Material, 2018, 51(3): 74-78 (in Chinese) [, &Ba&E, W 115,
. IR R SRR A8 2t TH VA AR SR T BT [0, ZE AR, 2018,
51(3): 74-78].

Liao R, Liang S, Sun C, et al. A comparative study of thermal aging
of transformer insulation paper impregnated in natural ester and in
mineral oil[J]. European Transactions on Electrical Power, 2010,
20(4): 518-533.

Fernandez I, Delgado F, Ortiz F, et al. Thermal degradation
assessment of Kraft paper in power transformers insulated with
natural esters[J]. Applied Thermal Engineering, 2016, 104: 129-138.
doi: 10.1016/j.applthermaleng.2016.05.020.


http://dx.doi.org/10.3969/j.issn.1007-3175.2014.05.014
http://dx.doi.org/10.1109/TDEI.2011.5931057
http://dx.doi.org/10.1109/TDEI.2015.004755
http://dx.doi.org/10.3321/j.issn:0258-8013.2009.13.019
http://dx.doi.org/10.1016/j.indcrop.2016.04.061
http://dx.doi.org/10.1016/j.indcrop.2016.04.061
http://dx.doi.org/10.3969/j.issn.1009-9239.2015.04.007
http://dx.doi.org/10.1016/j.applthermaleng.2016.05.020
http://dx.doi.org/10.3969/j.issn.1007-3175.2014.05.014
http://dx.doi.org/10.1109/TDEI.2011.5931057
http://dx.doi.org/10.1109/TDEI.2015.004755
http://dx.doi.org/10.3969/j.issn.1007-3175.2014.05.014
http://dx.doi.org/10.1109/TDEI.2011.5931057
http://dx.doi.org/10.1109/TDEI.2015.004755
http://dx.doi.org/10.3321/j.issn:0258-8013.2009.13.019
http://dx.doi.org/10.1016/j.indcrop.2016.04.061
http://dx.doi.org/10.1016/j.indcrop.2016.04.061
http://dx.doi.org/10.3969/j.issn.1009-9239.2015.04.007
http://dx.doi.org/10.1016/j.applthermaleng.2016.05.020
http://dx.doi.org/10.3321/j.issn:0258-8013.2009.13.019
http://dx.doi.org/10.1016/j.indcrop.2016.04.061
http://dx.doi.org/10.1016/j.indcrop.2016.04.061
http://dx.doi.org/10.3969/j.issn.1009-9239.2015.04.007
http://dx.doi.org/10.1016/j.applthermaleng.2016.05.020

